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mum intensity of the caidiac impulse, the outline of the superficial area 
of cardiac dulness; the description of adventitious sounds, if any were 
found ; the character of the diastolic sounds , the character of the muscular 
quality of the systolic sound; the extent of the superficial area of liver 
dulness, observations of the blood-pressuie, and the rate and character 
of the pulse Early in the course of the routine examinations I located 
the borders of cardiac dulness and the point of maximum impulse with 
relation to the midclavicular line Later I located these points with 
reference to the midsternal line, measuring the distance from that line 
in inches At the beginning of my routine examinations I made no 
attempt to record the size of the area of cardiac dulness, later I began 
to record the transverse diameter of this area in inches , and still later I 
recoided the oblique diameter of this area in inches The oblique diameter 
was measuied fiom the point of ]unetion of the right border with the 
uppei border of cardiac dulness, to the point of maximum impulse 
The blood-pressure observations were all made in the recumbent 
posture The cuff was always applied next to the skin of the arm A 
Stanton sphygmomanometer was always used The auscultatory method 
of determining blood-pressure was always used The systolic pressure 
was recorded as the point at which the first tap was heard The diastolic 
pressure was recorded as the point at which the tap disappeared 

The details of the method of administering the baths will be found 
m a paper which I read before the Medical Society of the State of New 
York in 1911 ^ 

In the case of a male patient (Case 1) aged 76 years, who was suffer- 
ing from fibroid myocarditis, blood-pressure observations were made ]ust 
before entering the bath tub, immediately after the bath was given, and 
after one hour’s rest m the recumbent posture The accompanying table 
(Table 1) gives the details of these observations 

Before the first bath the patient’s systolic pressure was 142 mm , before 
the last bath in the series his systolic pressure was 135 mm , and an hour 
after the last batli his sjstolic pressure was 154 mm The accompanjang 
chart (Chart 1) of the fluctuations of the systolic pressure indicates that 
the tendency of the pressure during the course of treatment was upward 
The usual train of circumstances in this case was to find that the 
systolic pressure was higher immediately after the bath than it was before 
the bath was given, and after the houi’s rest to find it lower than it was 
before the bath v as given This tram of events followed in ten instances 
At the sixth bath the s 5 stolie pressure was the same after the bath as 
it was before , an hour after the bath there was a drop of 22 mm 

At the ninth bath the s 5 stolic pressure after the treatment was 2 mm 
lover than it was before, and one hour after the treatment it was the 
same as it was immediately after 


4 Swan JTew York State Jour Jled , August, 1911, \i, 373 
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At the eleventh bath the sj^stolic pressure immediatel}^ aftei the tieat- 
meiit was 5 mm higher than it was before Aftei the hour’s rest it 
was 1 mm higher tlian it was immediately after the bath 

After the twelfth bath the pressure fell 3 mm and after the horn's 
rest it had risen 8 mm At the fouiteenth bath the systolic pressure 
was 6 mm higher immediatelj'' aftei than it u as before the bath was given 
After an hour’s rest it was 7 mm highei than it was immediatelj aftei 
the bath was given At the eighteenth batli the sjstohc piessiiie rose 
IS mm and aftei an hour’s rest it rose 1 mm 

The immediate eSeet of the hath was to raise the piessure fourteen 
times, to lower it twice, and no effect was noted once The observations 
at the fourth bath were unfoitunately missed The inci eases of sistohe 
pressure immediately after the baths amounted to 2 mm , 3 mm , 11 mm , 


Table 1 — Fibboid Myocarditis Blood Pbessube Observations 


No of 
Bath 

S* 

B P Before Bath 
D M 

PP 

S. 

B P 
D 

After Bath ■ 
M 

PP 

B P One 
S D 

Hour After Bath 
M PP 

1 

142 

85 

113 5 

57 

144 

80 

112 

64 

137 

85 

111 

5^ 

4 A 

2 

145 

85 

115 

60 

148 

85 

116 5 

63 

139 

90 

114 5 

49 

43 

3 

137 

86 

1115 

51 

148 

83 

115 5 

05 

135 

90 

112 5 

4r 

5 

142 

90 

116 

52 

158 

92 

125 

CO 

138 

92 

115 

4C 

4S 

6') 

04 

6 

145 

82 

113 5 

63 

145 

85 

115 

60 

123 

75 

99 

7 

138 

78 

108 

GO 

154 

82 

118 

72 

143 

83 

115 5 

8 

144 

82 

113 

62 

ICO 

83 

1215 

77 

149 

85 

117 

9 

157 

78 

117 5 

79 

155 

84 

1195 

71 

155 

82 

US 5 

io 

53 

5(. 

67 

10 

125 

70 

97 5 

55 

148 

82 

115 

60 

135 

89 

107 5 

11 

125 

97 

111 

28 

130 

77 

103 6 

63 

131 

75 

103 

12 

140 

95 

117 5 

45 

137 

95 

110 

42 

145 

8S 

lie 5 

13 

14 

130 

149 

83 

92 

106 5 
120 5 

47 

57 

138 

155 

78 

82 

108 

118 5 

GO 

73 

t 

162 

85 

123 5 

77 

■)(. 

04 

00 

70 

15 

150 

86 

118 

64 

158 

86 

122 

72 

147 

91 

119 

16 

143 

80 

111 5 

63 

165 

95 

130 

70 

148 

84 

116 

112 

17 

134 

80 

107 

54 

145 

78 

111 5 

07 

142 

82 

18 

135 

80 

107 5 

65 

153 

80 

116 5 

73 

154 

84 

119 


*S, systolic, D, diastolic, M mean pressure, PP, pulse pressure 
yObservations missed 


IG mm 5 16 mm , IG mm 23 mm , 5 mm , 8 mm , 6 mm , 8 mm , 22 mm , 
11 mm and 18 mm , respectively, an average of 11 7 mm at each treat- 
ment The deci eases of the sistolie pressiue amounted to 2 mm after 
one bath and 3 mm after the other 

After the hour’s lest the sistolic pressure vas higher in nine instance® 
and Imi er in sei en than it w as before the bath u as given Ttio obsen ation 
one hour after the thirtcentli bath was unavoidabh missed The increase® 
of the ®jstolic pre==uio an liour after the bath amounted to 10 nim , 5 mm 
10 mm G mm , o mm . 13 mm 5 mm, 8 ram , 10 nun re®pectne]i 
an niciace of 9 ram at each ticalmcnt The decieases of the =1=10110 
pie®‘'Ure one Jioitr after each bath araonnfod to nirn 6 mm 2 win 
i mm . 22 ram 2 nun 3 ram respoctneh , an aicnge of G 2 mm for 
enh trcitmont 
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At tlie beginning of the course of treatment the patient’s pulse-pres- 
sure was 57, befoie the last bath his pulse-pressure was 55, immediately 
after the bath it was 73 ; and after an hour’s rest it was 70 

The usual tram of events in lelation to the pulse-pressure was to have 
a well-marked elevation immediately after the treatment and a depression 
after the hour’s lest This tram of circumstances followed eleven of the 
treatments At the sixth bath the pulse-piessure was 3 mm lower imme- 
diately aftei the tieatment and 12 mm lower after the hour’s rest 
At the ninth bath the pulse-pressure was 8 mm lower immediately 
after the treatment and after the hour’s rest it had inci eased 2 mm 
At the eleventh bath there uas an elevation of pulse-pressuie of 
25 mm immediately after the bath, and after the hour’s rest there was a 
further elevation of 3 mm 

Aftei the twelfth bath the pulse-pressure was depressed 3 mm immedi- 
ately and theie was an elevation of 15 mm after the hour’s lest 



Chait 1 — Systolic blood-pressuie cmve Carbonated brine baths Fibroid 
myocaiditis B = Immediately before the bath A = Immediately after the 
bath A'=:One hour aftei the bath The obseivations at the fourth bath and the 
obseivation one hour after the thiiteenth bath were missed 


Immediately after the bath the pulse-piessure was elevated fourteen 
times and lowered three times The elevations amounted to 7 mm , 3 mm , 
14 mm , 12 mm , 15 mm , 11 mm , 25 mm , 13 mm , 16 mm , 8 mm , 
7 mm , 1 3 mm , 18 mm , respectively , an average of 12 5 mm for each 
tieatment The lowering of the pulse-pressure amounted to 3 mm, 8 
mm and 3 mm , respectively , an average of 4 6 for each treatment 
An hour after the bath the pulse-pressure was elevated eight tunes, 
lowered seven times and was unchanged once The elevations m pulse- 
pressure amounted to 5 mm , 2 mm , 28 mm , 12 mm , 20 mm , 1 mm , 
6 mm and 15 mm , lespectively, an average of 11 1 mm for each treat- 
ment The depressions of pulse-pressure amounted to 5 mm , 11 mm , 6 
mm , 5 mm , 15 mm , 6 mm and 8 mm , respectively , an average of 8 1 
mm for each tieatment 
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In this patient the S 3 stolic piessure on admission was 142 mm, and 
during the course of his treatment it increased to 165 mm on one occa 
Sion, and was above 150 mm on thirteen occasions The highest increase 
of systolic pressure at any one treatment was 23 mm 

He had an hyperti opined heart and a fibroid mj’^oearditjs He had 
a pulse of normal rate, of good stiength and volume, and an artery which 
was recorded as not palpable at the beginning of the treatment and 
palpable at its close It may be supposed that in this patient the fibroid 
changes in the heart-muscle had increased muf’h faster than the thickening 
of the walls of the peripheial vessels 

The danger of administering a form of treatment capable of producing 
an elevation of the S 5 stolic pressuie of 22 and 23 mm , and of 25 to 28 
mm of the pulse-piessuie to an individual with thickened and iigid 
arteries is not, in my opinion, altogether theoretical 


Table 2 — ^Paren’chtmatous Myocarditis Blood-Pressure Observations 


No of 


B P Before Bath- 



-B P 

After Bath- 


fcd 

Oiie Hour After Bath 

Bath 

S* 

D 

M 

PP 

S 

D 

M 

PP 

S 

D 


PP 

1 

107 

55 

80 5 

52 

114 

55 

84 5 

59 

112 

58 

85 

54 

2 

114 

GO 

87 

54 

112 

58 

85 

54 

110 

58 

84 

52 

3 

118 

55 

8C 5 

03 

112 

GO 

8G 

52 

120 

02 

91 

58 

4 

107 

68 

82 5 

49 

111 

G2 

8G5 

49 

106 

47 

7G5 

59 

5 

111 

55 

83 

5G 

107 

G4 

85 5 

43 

109 

65 

82 

54 

0 

114 

55 

84 5 

59 

113 

58 

85 5 

55 

114 

54 

84 

CO 

7 

110 

63 

86 5 

47 

111 

G8 

89 5 

43 

113 

G5 

89 

48 

8 

112 

58 

85 

54 

113 

65 

89 

48 

117 

70 

93 5 

47 

0 

110 

52 

81 

58 

110 

GO 

85 

50 

113 

00 

8C5 

58 

10 

114 

45 

79 5 

G9 

115 

50 

82 5 

G5 

107 

48 

77 5 

59 

11 

lOG 

53 

79 5 

63 

110 

58 

84 

52 

112 

55 

83 5 

57 

12 

114 

54 

84 

GO 

117 

GO 

88 5 

57 

117 

57 

87 

GO 

13 

108 

G4 

8G 

44 

IIG 

70 

90 

4G 

114 

70 

92 

44 

14 

115 

75 

95 

40 

120 

G5 

92 

55 

114 

80 

97 

.>4 

O 1 

IS 

109 

GO 

84 

49 

110 

70 

90 

40 

114 

83 

98 

"1 

1C 

115 

55 

85 

GO 

110 

00 

85 

50 

115 

55 

85 

GO 

1 1 

17 

104 

57 

80 5 

47 

112 

04 

88 

48 

lOG 

G5 

85 5 

H 

j 

18 

100 

G4 

85 

42 

113 

G4 

88 5 

49 

113 

G4 

88 ') 

4'i 


In the case of a female aged 26 jears (Case 16), who nas suffering 
from parench} matous m 30 carditis, the obser\ations made before, after, 
and one hour after the bath are gi\en in Table 2 

In this case there was usualh an elevation of s 3 stolic piessure 
(Chart 2) immediateh after the bath, and at the end of the hour’s lest 
the S 3 stolic pressure vas usuall 3 ' higher than it was before tlie hath was 
gi\ en although often lou er than immediatel 3 after the treatment 

Immediateh after the bath the S 3 stolic pressure uas elevated eleien 
times reduced ‘^ix times and vas unchanged once The elevations of 
pressure amounted to 7 mm , i mm , 1 mm , 1 mm 4 mm , 3 mm 8 mm , 
5 ram 1 ram S mm and 7 mm rcspectivoh an average of 4 2 mm 
for each treatment The reductions of c^stolic pio=3ure amounted to 
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2 mm , 6 mm , 4 mm , 1 mm , 1 mm and 5 mm , respectivelj’’, an average 
of 3 1 for each, treatment 

One honr after the bath the sj^stolic pressure was raised eleven times, 
reduced five times, and unchanged twice The elevations amounted to 
5 ram , 2 mm , 3 mm , 5 mm , 3 mm , 6 mm , 3 mm , 6 mm , 5 mm , 

3 mm and 7 mm , respective!}^ , an average of 4 3 mm at each treatment 

The reductions of s} stolic pressure amounted to 4 mm , 1 mm , 3 mm , 
7 mm and 1 mm, respective!}’-, an average of 3 mm foi each treatment 

The influence on the pulse-pressure in this case u as usually a decrease 
in the pressure immediately after the treatment, followed by an elevation 
after an hour’s rest after half the treatments, and a depression after the 
other half The pulse-pressure was 3 mm lower at the conclusion of 
the series than it was at the beginning Immediately after the baths the 
pulse-pressure was elevated five times, reduced eleven times, and no 
change was noted twice The elevations amounted to 7 mm, 3 mm, 
15 mm , 1 mm and 7 mm , lespectivel} , an average elevation of 6 3 mm 
after each treatment The reductions in pressure amounted to 11 mm , 



Chait 2 — Systolic bloorl -pi essure curve Carbonated biine batbs Paiencliy- 
niatous myocarditis B = Immediately before the bath A = Immediately after 
the bath A' = One hour after the bath 

13 mm , 4 mm , 4 mm , 6 mm , 8 mm , 4 mm , 1 mm , 3 mm , 9 mm 
and 10 mm , respectively an average of 6 6 mm for each treatment 
Aftei the hour’s rest the pulse-pressuie was raised six times, lowered 
nine times, and no change ivas noted three times The elevations of the 
pulse-pressure above that recorded before the bath was given amounted 
to 3 mm , 10 mm , 1 mm , 1 mm , 4 mm and 7 mm , respectively , an 
average elevation of 4 1 mm at each treatment 

The reductions in pulse-pressure after the hour’s rest amounted to 
3 mm , 5 mm , 3 mm . 7 mm , 5mm , 10 mm , 6 mm , 18 mm and 6 mm , 
lespectively; an average of 6 7 mm after each treatment 

In the case of a female aged 30 years (Case 3), who was suffering 
from mitral regurgitation with beginning loss of compensation, obser- 
vations were made before the baths and immediately after the baths 
(Table 3) The observations m connection with the ninth, twelfth, 
fifteenth and sixteenth baths were missed 

Immediately aftei the first bath there was an increase of 38 mm in 
the s} stolic pressuie The systolic pressure was increased six times. 
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reduced six times, and was tinclianged twice The increase of systolic 
pressure amounted to 38 mm , 8 mm , 3 mm , 3 mm , 4 mm and 6 mm , 
respectively , an average increase of 10 3 mm at each bath The reduc- 
tions of systolic pressure amounted to 34 mm , 12 mm , 2 mm , G mm , 
10 mm and 6 mm, respectively, an average deciease of 116 mm at 
each hath 

The pulse-piessuie was raised seven times, loueied five times, and no 
change was observed twice The elevations of pulse-pressuie amounted to 
16 mm , 11 mm , 5 mm , 3 min , 3 min , 3 mm and 2 mm , respectively, 
an average elevation of 6 1 mm at each tieatment 

The reductions of the pulse-pressure amounted to 12 mm , 24 mm , 
4 mm , 2 mm and 14 mm , lespectively , an aveiage reduction of 11 2 mm 
after each treatment 


In the case of a male aged 52 yeais (Case 9), who was suffering fiom 
tachycardia, observations of systolic piessure were made before and after 
the baths from the sixth to the seventeenth bath inclusive The results 
were as follows 



Systolic Pressure 

— 

!r of Bath 

Befoi e 

After 

G 

118 

140 

7 

98 

110 

8 

126 

130 

9 

150 

124 

10 

13G 

13C 

11 

158 

130 

12 

148 

150 

13 

120 

150 

14 

120 

132 

15 

128 

130 

IG 

128 

136 

17 

120 

140 


The systolic piessure was increased nine times, reduced twice and 
vas unchanged once The inei eases of systolic pressure amounted to 
22 mm , 12 mm , 4 mm , 2 mm , 30 mm , 12 mm , 2 mm , 8 mm and 
20 mm , respectively, an aierage of 12 4 mm at each treatment The 
decreases of systolic piessuie amounted to 26 mm and 28 mm, respec- 
tiveh , an aieiage reduction of 27 mm at each treatment 

]n the case of a female aged 57 years (Case 30), who uas suffeimg 
from fibroid myocarditis, obsenations of blood-pressure were made before 
and aftei each bath for five baths The blood-pressure obsenations made 
the patient excessnely nervous and it nas necessary to discontinue them 
after the fifth bath They were as follous 


Before 

No of Pulce 


Bath 


Dia«folic 

^fenn 

Prc«mro Pv=^tohc 

1 

ICO 

no 

155 

50 

210 

O 

170 

no 

IGO 

20 

184 


ICO 

ns 

140 

f.2 

214 


is<, 

112 

150 

54 

164 

o 

202 

150 

17C 

52 

176 


Aft 

er — 

Piihe 

Dia'tohe 

Mean PrC'«urc 

170 

no 40 

152 

158 52 

152 

no 62 

120 

142 14 

in 

147 58 
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The systolic piessure was raised tliiee times and lowered twice The 
elevations of systolic pressure were 30 mm , 14 mm and 34 mm , respec- 
tively, an average of 36 mm at each bath The i eductions in systolic 
pressure were 22 mm and 26 mm, respectively, an average of 24 mm 
and 10 mm, respectively, an average of 10 mm at each treatment 
The pulse-pressure was increased twice, reduced twace, and was 
unchanged once The rncr eases w'ere 32 mm and 6 mm, respectively, 
an average of 19 mm at each treatment The reductions were 10 mm 
and 10 mm respectively, an average of 10 mm at each treatment 

Table 3 — Mitral IlEQtmGiTATio:v with Beginning Loss of Compensation 

Blood-Press ORE Obseri’ations 


o 

o 


B P BefojeBath 


— 

B After Bath ■ 


Bath 

S 

D 

M 

PP 

S 

D 

M 

PP 

1 

140 

90 

115 

50 

178 

140 

159 

38 

2 

164 

82 

123 

82 

130 

72 

101 

58 

3 

130 

96 

113 

34 

138 

88 

113 

50 

4 

133 

73 

103 

60 

136 

65 

100 5 

71 

5 

142 

83 

112 5 

59 

130 

66 

98 

64 

6 

136 

69 

102 5 

67 

134 

71 

102 5 

63 

7 

129 

69 

99 

60 

132 

74 

103 

58 

8 

9* 

10 

130 

66 

98 

64 

134 

70 

102 

64 

124 

69 

96 5 

55 

124 

66 

95 

58 

11 

128 

08 

98 

GO 

128 

05 

96 5 

63 

12* 

13 

144 

79 

1115 

65 

138 

70 

104 

68 

14 

132 

58 

95 

74 

138 

64 

101 

74 

15* 

16' 

17 

138 

SO 

109 

58 

128 

68 

98 

60 

18 

140 

76 

111 

70 

140 

84 

112 

56 


■^Obseivations missed 


The study of these five cases, two of fibroid myocarditis, one of paien- 
chymatous myocarditis, one of mitial regurgitation with beginning loss 
of compensation and one of tachycardia, show^s that of sixty-six observa- 
tions made immediately after the administration of the baths the s} stolic 
pressure w^as increased forty-three times, loweied eighteen times, and 
ivas unchanged five times The pulse-pressuie was increased twenty-eight 
times, lowered twenty-one times, and was unehangel five times out of the 
same number of observations The highest elevation of s 3 "stolic piessuie 
recoided was 38 mm after the first bath in Case 3 The highest elevation 
of pulse-piessure recorded wms 32 mm after the first bath in Case 30 
Thiitr-four observations were made of s 3 ’^stolic piessure and pulse- 
pressure one hour after the baths were given The S 3 stolie pressure was 
higher than before the bath was given tw^enty times, lower twelve times, 
and was unchanged twice The gieatest increase was 19 mm after the 
eighteenth bath in Case 1 
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The pulse-pressure was laised fourteen times, lowered sixteen times, 
and was unchanged four times The highest elevation of pulse-pressure 
was 28 mm after the eleventh hath in Case 1 

In these cases we probably get some idea of the effect of the tieatment 
baths on the blood-pressuie The majoiit)’" of the observations, how- 
ever, have had to be made bj’' taking the blood-pressure at the beginning 
of the treatment and at its close It must be borne in mind that nearl} 
all of the patients were receiving other forms of treatment as well as 
carbonated biine baths In Case 12 the patient received electric light 
baths alternating with the caibonated brine baths Cases 8, 13, 38, 66 
and 78 received carbonated biine baths on one daj" and resistance 
exercises on the alternate da}’’ Case 15 had a caibonated brine bath 
one day and a Eussian bath on the alternate day Cases 74 and 75 (the 
same patient) had hot brine baths, massage and various forms of elec- 
tricity Cases 63, 64 and 65 (the same patient) had abdominal massage 
and colonic iiiigations in addition to the carbonated brine baths 

All of the patients were in a restful environment, except for inherent 
restlessness and dissatisfaction on the part of some of them, all were on 
a caiefully regulated diet, the components of which I have alieady pub- 
lished, ° and all were required to rest from one to two hours even day 
in addition to then time in bed at night, nine hours being pi escribed 

AXALTSIS OF CASES 

For purposes of anal} sis the cases ma} be divided in two wa}S those 
patients Avho took the full course of treatment of six weeks, sixty; and 
those who for one reason or another did not complete the full number 
of baths, twvent}-one, second, into the high-pressure cases and the low- 
pressuie cases 

Table 4 gnes the leading of the s}stolic pressure at the beginning and 
at the end of the treatment in those patients who received the full course 
of baths The piessure was higher at the close of the course than at the 
beginning in thnti instances lower in twenty-five instances and was 
unchanged in fine instances The greatest eleiation of pressure was 
50 mm in a case of beginning interstitial nephritis, the greatest reduction 
12 mm in a case of fibroid nnocarditis 

Table 5 gne^ the reading of the sistolic pressure in tliose patient® 
who took onh partial courses At the end of tlie baths the nstolic pre=- 
®uro wa® found elevated nine times lowered nine time® and unchanged 
throe time® The greatest ele\ation of pressure was 22 ram in a ra=o 
of taolncardn after twehe hath® The greatest reduction 20 mm in a 
fa®e of aortic rcuHrcitation after ton hath® 


a Smn Intrr-lTte Vlctl Jour , June, mu xvni caa 
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Table 6 gives the effect on the diastolic piessnre m the cases that 
received the Ml course of baths The diastolic pressure was raised in 
twenty-six cases, lowered in twenty-eight cases, and no change was noted 
in SIX cases The change in diastolic pressure did not always agree with 
the change in systolic pressuie, when the systolic pressuie was elevated 
the diastolic pressuie may have been lowered, and vice versa The great- 
est elevation of diastolic pressuie was 36 mm in a case of beginning inter- 
stitial nephritis, Case 7 The greatest lowering of diastolic pressuie was 
37 mm in a case of fibroid m 50 caiditis. Case 30 

Table 7 gives the details of the diastolic pressure in those patients who 
had only partial courses The diastolic pressure was found elevated in 
eleven cases, lowered in eight eases and unchanged in two cases The 
greatest elevation in pressure, 22 mm , was seen in a case of paroxj^smal 
tachycardia. Case 64, after thirteen baths The greatest lowering of 
diastolic pressure, 90 mm , was seen in a case of aortic regurgitation, 
after ten baths 

HIGH-PRESSURE CASES 

As the result of the study of 1.000 cases of application for life insur- 
ance, Woley® has shown that the average blood-pressure of males at all 
ages IS 137 5 mm , and of females 130 mm His figuies show an increase 
in the average blood-pressuie in each decennial period so that in the 
sixth decennium the average high pressure is 149 mm , and the average 
systolic pressure of all applicants in the decennium is 133 mm 

Suppose then, disregarding the ages of the patients, we classify all the 
cases in this study that give a blood-pressure of over 150 mm as high- 
piessure cases Cases 3, 5, 6, 11, 13, 14, 15, 17, 18, 30, 30, 33, 35, 36, 38, 
39, 41, 43, 43 46, 50, 57, 59, 68, 69, 70, 73, 76 belong to this class 
Table 8 gives the details of the variations of pressure in these cases 
It will be seen that the systolic pressure was raised in thirteen cases, 
lowered in thirteen eases, and was unchanged in two cases The greatest 
elevation was 35 ram , in a case of dilatation of the heart (Case 30) 
The systolic pressure was raised from 186 mm before the treatments 
were begun to 313 mm at their conclusion 

The greatest lowering of systolic pressure was 43 mm , in a case of 
fibroid myocarditis (Case 35) In this case the s’^stolic pressure was 184 
mm at the beginning of the course of treatment and 143 mm at its 
close The patient had an intermission of seven weeks in his treatment 
after his fifth bath At that time his sjstolic pressure had been reduced 
from 184 mm to 168 mm , 16 mm On resuming his treatment the 
S 3 ’^stol]c pressuie had furthei fallen to 150 mm , 18 mm , in spite of the 
fact that he had been attending to his business If we exclude this case, 
the greatest lowering of sistolic pressure was 40 mm m a case of fibroid 
myocarditis (Case 43) 

6 Woley Jour Am Med Assn , July 9, 1910, Iv, I2I 
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TEE ARCHIVES OF lETEBNAL MEDICINE 


Fable 4— Systolic Blood Pees suees Complete Coueses of Caebonated Beixe Baths 

Systolic Pressure at 


STo 

Se\ 

.4ge 

Begin of 
Tieitni’tj 
mm 

End of 
Treatm’t, 
mm 

Diffeience, 

mm Diagnosis 

1 


7G 

142 

135 

— 7 

Fibroid Hljocaiditis 

2 

F 

49 

158 

165 

+ 7 

Hypertrophy of the heait (Toxic) 

3 

F 

20 

140 

145 

+ 5 

Hlitral regurgitation 

4 

F 

GO 

140 

152 

+12 

Fibroid myocarditis 

5 

!M 

70 

168 

139 

—29 

Dilatation of the heait 

G 

F 

G9 

150 

102 

+12 

Fibroid mj'ocarditis 

7 

]\r 

45 

124 

174 

+50 

Beginning interstitial nephiitis 

8 

F 

37 

IIG 

124 

+ 8 

Hypertrophy and dilatation of the heart 

10 

F 

56 

145 

140 

— 5 

Xeurasthenia 

LI 

]\I 

36 

155 

157 

+ 2 

Hypertrophic cirrliosis of the liver 

[2 

M 

53 

144 

128 

—16 

Dilatation of the heart 

13 

F 

70 

170 

170 

0 

Fibioid myocarditis 

14 

F 

77 

1G9 

150 

—19 

Parenchymatous myocarditis 

L5 

F 

G5 

178 

167 

—11 

Fibroid myocaiditis, chronic bronchitis 

16 

F 

2G 

115 

118 

+ 3 

Paienchjmatous myocarditis 

17 

M 

07 

152 

101 

+ 9 

Chionic parenchj’-matous nephiitis 

18 

:m 

C8 

207 

190 

—17 

Hlitral 1 egurgitation 

10 

M 

G3 

186 

212 

+26 

Dilatation of heart 

12 

ill 

3G 

118 

no 

— 8 

Hlitral 1 egurgitation, aortic i egurgitation 

13 

M 

07 

144 

140 

— 4 

Fibroid nnocarditis 

24 

M 

52 

110 

104 

— 0 

Hlitial regurgitation 

2G 


50 

150 

130 

—20 

Hypeitiophy of the heait 

27 


45 

109 

117 

+ 8 

Paiencliymatous myocarditis 

28 


02 

135 

140 

+ 5 

Dilatation of the heart 

20 

:m 

47 

124 

110 

— 8 

Dilatation of the heart 

30 

F 

57 

180 

104 

—10 

Fibroid myocarditis 

32 


29 

110 

134 

+15 

Parenchimatous myocarditis 

3o 


71 

184 

142 

-^2 

Fibroid miocarditis (Baths in tuo 

10 


35 

112 

102 

—10 

installments) 

Paienchjmatous myocaiditis 

12 

F 

54 

154 

114 

— 40 

Fibroid myocarditis 

13 

r 

40 

102 

142 

—20 

Hypei trophy and dilatation of the heart 

11 

HI 

23 

120 

120 

0 

Aoitic regurgitation 

15 

F 

35 

120 

132 

+12 

Conialescent from acute infection 

10 

F 

CO 

178 

200 

+22 

Fibroid mjocarditis (same as No 4) 

40 

r 

4S 

130 

125 

— 5 

Fat heart 

r.o 

r 

GS 

103 

210 

+ 17 

Arteriosclerosis 

51 

HI 

GO 

140 

135 

— 5 

Hjpertrophi and dilatation of the heart 

52 

HI 

30 

lOS 

110 

+ 2 

Xeurasthenm 

53 

HI 

54 

107 

109 

+ 2 

Hi pochondriasis 

51* 

F 

2(i 

110 

120 

+ 1 

Coninlcsccnt from appendectomi 

55 

r 

33 

00 

05 

+ o 

Gastrectasia 

57 

r 

47 

18G 

173 

—13 

Hlitral regurgitation 

5S 

HI 

27 

120 

125 

— 1 

Xenons dispepsia 

r.n 

HI 

57 

100 

103 

+ 3 

Hlitral regurgitation 

(.0 

HI 

30 

119 

128 

+ 9 

Parcnclivinatous myocarditis, infectious 

t 2 

HI 

GO 

12G 

112 

—14 

granuloma 

Parenchimatous miocarditis 

1 3 

HI 

54 

150 

150 

n 

Paroxismal fachicardia 

♦ 5 

HI 

55 

113 

120 

-4- 7 

Parowsmal tachicardia (Same patient 

i r. 

"1 

GO 

148 

138 

—in 

as Xo G3) 

T ibroid mvocarditis 

r,r 

HI 

01 

141 

144 

0 

Hlitral regurgitation (‘^ame patient as 


t’"' 

ol'cmtion vas nnt^e on this piticnt 

Xo GO) 

she had ju=t deiclnped actilc bronchitis 
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Cable 4 — Systoiic Blood-Pbesslres Complete Courses of Carboa'ated Brine Baths 

(GonUmied) 


Systolic Pressure at 

Begin of End of 

Treatm’t Treatm’t, Diffeience 

Sex; Age mm mm mm DiagnOais 


F 

51 

198 

199 

+ 1 

F 

52 

170 

170 

0 

F 

60 

170 

184 

+14 

M 

56 

112 

120 

+ 8 

M 

56 

118 

125 

+ 7 

M 

71 

162 

168 

+ 6 

F 

70 

140 

138 

— 2 

M 

36 

116 

115 

— 1 

F 

54 

118 

122 

+ 4 

F 

49 

130 

156 

+26 


Hypertrophy and dilatation of the heart 

Hypertrophy and dilatation of the heait 
(Same patient as No 68 ) 

Pibroid myocarditis 

Arthritis deformans with myocardial in 
sufficiency 

Same patient as No 74 

Dilatation of the heart ( Same patient a: 
No 5 ) 

Fibioid myocarditis 

Dilatation of the heait (Same patient as 
No 25 ) 

Dilatation of the heai t ( Same patient a' 
No 37 ) 

Hvpertrophy of the heait (Same patieni 
as No 2 aftei opeiation ) 


Table 5 — Systolic Blood-Pressure. Incomplete Carbonated Brine Courses 


Systolic Pressure at 




Begin of 

End of 

Differ' 



Treatm’t, 

Treatm’t, 

ence. 

Sex 

Age 

mm 

mm 

mm 

hi 

52 

118 

140 

+22 

M 

57 

134 

134 

0 

M 

53 

100 

100 

0 

hi 

35 

130 

116 

—14 

F 

65 

125 

119 

— 6 

hi 

52 

188 

168 

—20 

hi 

58 

120 

120 

0 

hi 

72 

188 

199 

+11 

F 

53 

124 

115 

— 9 

F 

70 

162 

140 

—22 

F 

45 

185 

180 

— 5 

hi 

58 

156 

166 

+10 

F 

19 

109 

118 

+ 9 

M 

62 

105 

120 

+15 

hi 

38 

108 

120 

+12 

hi 

77 

149 

135 

—14 

hi 

54 

125 

136 

+11 

hi 

30 

174 

145 

—29 

hi 

33 

115 

125 

+10 

hi 

48 

110 

115 

+ 5 

hi 

52 

137 

130 

— 7 


No of 
Baths 

Diagnosis 

12 Tachycardia 

6 Dilatation of heart 

11 Fibroid myocarditis Subacute 

bronchitis 

9 Dilatation of heart 

9 Weak heart muscle 

3 Aortic regurgitation 

11 Fibroid myocarditis 

9 Fibroid myocarditis 

11 Beginning arteriosclerosis 

11 Diabetes mellitus 

9 Con\alescent fiom operation 

11 Hypertiophy of the heart 

11 Convalescent from typhoid feier 

11 Parenchymatous myocarditis 

9 Parenchymatous myocarditis 

12 Hypertiophy of the heart 

13 Paroxysmal tachycardia (same pa- 

tient as No 63) 

10 Aortic regurgitation 

8 Pulmonary emphysema 

7 Convalescent from influenza 

5 Dilatation of the Heart 
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TEE ARCHIVES OF INTERNAL MEDICINE 


Table G — Diastolic Blood Pbessube 


No 

Set 

Age 

] 


76 

2 

F 

49 

3 

F 

20 

4 

F 

GO 

5 

2^1 

70 

G 

F 

G9 

7 

M 

45 

8 

F 

37 

10 

F 

56 

11 

M 

36 

12 

M 

53 

13 

F 

70 

14 

F 

77 

15 

F 

Co 

IG 

F 

26 

17 


G7 

IS 

il 

68 

20 

:m 

63 

22 

M 

36 

23 


67 

24 

2 \I 

52 

2C 

M 

50 

27 

M 

45 

28 


02 

29 


47 

30 

F 

57 

32 

F 

20 

35 


71 

40 

:\E 

35 

42 

F 

54 

43 

F 

49 

44 

M 

23 

45 

F 

35 

40 

F 

00 

40 

F 

48 

50 

F 

GS 

51 

M 

09 

52 

51 

39 

53 

51 

54 

0 1 

F 

20 

55 

r 

33 

.57 

F 

47 

53 

5r 

27 

59 

51 

57 

00 

51 

30 

t .2 

51 

00 

Oi 

M 

54 

05 

51 

55 

r*, 

M 

00 

07 

5r 

01 


F 

51 


1 " 

52 

7 5 

F 

00 

74 

5r 

50 

7 *> 

51 

50 


51 

71 

1 1 

I 

70 

7 c 

51 

3t. 

VO 

I 

51 


1 

40 

1 

b..* f ! ' r\ ''tit'n 

\ t>- n 


^ t» t 4 H ^ it*- 


Complete Carbonated 
Diastolic Pressure at 
Begin of End of 

Brine Courses 

Treatment, 

Treatment, 

Diffeience, 

nim 

mm 

mm 

85 

80 

— 5 

108 

104 

— 4 

90 

80 

—10 

86 

70 

—16 

96 

80 

—16 

84 

79 

— 5 

90 

126 

+36 

74 

74 

0 

70 

75 

+ 5 

92 

90 

2 

80 

75 

— 5 

112 

105 

— 7 

94 

76 

—IS 

92 

100 

+ 8 

60 

03 

+ 3 

93 

80 

—13 

110 

100 

—10 

100 

108 

+ 8 

75 

95 

+20 

80 

85 

+ 5 

72 

08 

— 4 

90 

83 

— 7 

06 

09 

+ 3 

92 

103 

+11 

83 

72 

—11 

130 

103 

—27 

75 

82 

+ 7 

118 

88 

—30 

70 

70 

0 

112 

70 

—40 

112 

80 

—30 

50 

30 

—14 

82 

72 

—10 

90 

SO 

—10 

78 

90 

+ 12 

85 

79 

— 0 

75 

75 

0 

02 

70 

+ 14 

GO 

78 

+ 18 

(.7 

80 

+ 13* 

53 

75 

+20 

103 

105 

+ 2 

70 

SO 

+ 10 

119 

125 

+ 6 

78 

7S 

0 

98 

73 

—23 

Ol 

90 

— 3 

70 

70 

0 

70 

70 

0 

02 

08 

+ 6 

100 

90 

—10 

<55 

95 

+ 10 

85 

87 

-4- 2 

75 

78 

— 3 

102 

80 

—22 

84 

00 

— "g 

70 

72 

— ^ 

75 



1 > 


70 

03 

— - ^ 

n-, 

125 


0 1 till.. j> ‘t 

1 It Jnd j!!-t 
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Table 7 — ^Diastolic Blood-Pbessxjees Incomplete Cabbonated Bbine Cobbses 

Diastolic Pressure at 





Begin of 

End of 






Treatment, 

Treatment, 

Diffeience, 

No of 

No 

Sex 

Age 

mm 

mm 

mm 

Baths 

9 

M 

52 

80 

100 

+20 

12 

19 

U 

57 

96 

100 

+ 4 

6 

21 

M 

53 

62 

64 

+ 2 

11 

25 


35 

78 

80 

+ 2 

9 

31 

F 

65 

81 

70 

—11 

9 

33 

U 

52 

78 

70 

— 8 

3 

34 

M 

58 

84 

84 

O' 

11 

36 

I^I 

72 

100 

96 

— 4 

9 

37 

F 

53 

70 

71 

+ 1 

11 

38 

F 

70 

76 

72 

— 4 

11 

39 

F 

45 

95 

95 

0 

9 

41 

M 

58 

104 

110 

+ 6 

11 

47 

F 

19 

58 

64 

+ 6 

11 

48 

M 

62 

65 

66 

+ 1 

11 

56 

U 

38 

65 

74 

+ 9 

9 

61 

M 

77 

88 

S3 

— 5 

12 

64 

SI 

54 

82 

104 

+22 

13 

70 

SI 

30 

90 

0 

—90 

10 

71 

SI 

35 

80 

78 

— 2 

8 

72 

SI 

48 

72 

65 

— 7 

7 

79 

SI 

52 

85 

86 

+ 1 

5 


Table 

8 — High Pbesslbe 

Cases 

Systolic Pbessebe 

Above 

150 SISI 

Case 


\T «*» r» "O'* 


Number of 





No 

Sj stohc 

Diastolic 

Slean 

Pulse 

Baths 

0 

+ 7 

— 4 

+ 15 

+11 

18 

5 

—29 

—16 

—22 5 

—13 

18 

6 

+12 

— 5 

+ 35 

+16 

18 

11 

+ 2 

— 2 

0 

+ 4 

18 

13 

0 

— 7 

— 35 

+ 7 

18 

14 

—19 

—18 

—18 5 

— 1 

18 

15 

—11 

+ 8 

— 15 

—19 

18 

17 

+ 9 

—13 

— 2 

+22 

18 

IS 

—17 

—10 

—13 5 

— 7 

18 " 

20 

+26 

+ 8 

+ 17 

+18 

18 

30 

—16 

—27 

—21 5 

+ 11 

18 

33 

—20 

— 8 

—14 

—12 

3 

35 

—42 

—30 

—36 

—12 

18 

36 

+11 

— 4 

+ 35 

+ 15 

9 

38 

— 22 

— 4 

—13 

—18 

11 

39 

— 5 

0 

— 25 

— 5 

9 

41 

+ 10 

+ 6 

+ 8 

+ 4 

11 

42 

—40 

— 16 

— 43 

+ h 

18 

43 

—20 

—30 

—23 

+ 6 

18 

46 

-1-22 

—10 

+ 6 

+32 

18 

50 

+17 

— 6 

+ 55 

+23 

18 

57 

—13 

+ 2 

— 5 5 

—15 

18 

59 

+ 3 

+ 6 

4 0 

— 3 

18 

68 

+ 1 

—10 

— 4 5 

+ 11 

18 

69 

0 

+ 10 

+ 5 

—10 

IS 

70 

—29 

—90 

— 59 5 

+61 

10 

73 

+ 14 

+ 2 

+ 8 

+12 

18 

76 

+ c 

+ C 

+ c 

0 

1 ft 
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TEE ARGEIVEB OF lETEBEAL MEDICINE 


Table 9 — ^Low Pbessxjke Cases Systolic Pbessube 150 SUM , oe Below 


Case 

No 

1 

3 

4 

7 

8 
9 

10 

12 

16 

19 

21 

22 

23 

24 

25 

26 

27 

28 
29 

31 

32 
34 
37 
40 

44 

45 

47 

48 

49 

51 

52 

53 
64 

55 

56 
58 
60 
61 
62 

63 

64 

65 

66 
67 

71 

72 

74 

75 

77 

78 

79 

80 
81 


Systolic 

— 7 
+ 5 
+12 
+50 
+ 8 
+22 

— 5 
—16 
+ 3 

0 

0 

— 8 

— 4 

— 6 
—14 
—20 
+ s 
+ S 
— 8 
— 6 
+ 15 

0 

— 9 
—10 

0 

+12 
+ 9 
+15 

— 5 

— 5 
+ 2 
+ 2 
+ 1 
+ 5 
+12 

— 1 

+ ^ 
—14 
—14 
0 

+11 
+ 7 
—10 
0 

+10 
+ 5 
+ 8 
+ 7 
— 2 
— 1 


+ ^ 
+20 


— Variation 

of Pressure — 


Number of 

Diastolic 

Mean 

Pulse 

Baths 

— 5 

— 6 

— 2 

18 

—10 

— 35 

+15 

IS 

—16 

— 2 

+28 

IS 

+36 

+43 

+14 

18 

0 

+ 4 

+ 8 

18 

+20 

+21 

+ 2 

12 

+ 5 

0 

—10 

18 

— 5 

—10 5 

— 9 

18 

+ 3 

+ 3 

0 

18 

+ 4 

+ 2 

— 4 

6 

+ 2 

+ 1 

— 2 

11 

+20 

+ 6 

—28 

18 

+ 5 

+ 05 

— 9 

18 

— 4 

— 5 

— 2 

18 

+ 2 

— 6 

—16 

9 

— 7 

—13 5 

—13 

18 

+ 3 

+ 55 

— 5 

18 

+11 

+ 8 

— 6 

18 

—11 

— 95 

— 3 

18 

—11 

— 8 5 

+ 5 

9 

+ 7 

+11 

+ 8 

18 

0 

0 

0 

ir 

+ 1 

— 4 

—10 

11 

0 

— 5 

—10 

18 

—14 

— 7 

+ 14 

18 

—10 

+ 1 

+12 

18 

+ 6 

+ 75 

+ 3 

11 

+ 1 

+ 8 

+ 14 

11 

+ 12 

0 

+ 35 
— 25 

—17 
— 5 

18 

18 

+14 

+ 8 

—12 

18 

+18 

+ 10 

—16 

18 

T O 

+13 

+ 7 

— 12 

18 
*1 o 

+20 

+12 5 

— 15 

lo 

n 

+ 9 
+10 

0 

+ 10 5 
+ 4 0 
+ 45 

+ 3 
—11 
+ 9 

18 

18 

— 5 
— ^23 

— 95 
—18 5 

— 9 
+ 9 

12 

18 

— 3 
+22 

0 

0 

+ 6 

— 2 
— 7 

+ 3 
—22 
+ 2 
+ 2 

— 15 
+1 C 5 
+ 35 

— 5 
+ 3 
+ 4- 

— 1 
+ 55 
— 7 5 

0 

+ 95 

O 

+ 3 
—11 
+ 7 
—10 
— 0 
+22 
+12 
+ 5 

+29 

— 4 

— ? 

— 8 

18 

13 

18 

18 

18 

8 

7 

18 

18 

18 

18 

5 

+ 1 
— 2 
+30 

— O 
+ 1 
+28 

+ 0 
— 4 

18 

18 



The diastolic pressme was laised in eight cases, lowered in nine! 
cases, and was unchanged in one ease The greatest elevation was 8 i 
in two cases, one of fibroid ni 50 carditis with chronic bronchitis (Case 1 
and one of dilatation of the lieait (Case 20) In the foimer the diast 
piessure was 92 mm at the beginning of the treatments and 100 mm 
the end: in the latter the diastolic piessme rose from 100 mm, at 
beginning of the tieatments, to 108 mm at their close 

The greatest reduction of diastolic pressure was 90 mm , in a case 
aortic regurgitation (Case 70) after ten treatments In a ca=e of hyj 
trophy and dilatation of the lieait (Case 43) the diastolic piessure ■' 
leduced 36 mm , fiom 112 mm at the beginning of the treatments to 
mm at their close In a case of myocarditis (Case 42) the diasfi 
piessure was reduced 46 mm , from 112 mm at the beginning of 
baths to 76 mm at the end 

The mean pressure in these cases vas raised eleven times, lowe; 
sixteen times and was unchanged once The greatest elevation of the m( 
piessuie was 17 mm , in a case of dilatation of the heart (Case 20) I 
gieatest reduction of mean pressure was 59 5 mm , in a case of aoi 
regurgitation (Case 70) 

The pulse-piessure m these cases was raised sixteen times, rediu 
eleven times and was unchanged once The greatest elevation of pul 
piessure was 61 mm , in a ease of aortic regurgitation (Case 70) I 
greatest reduction in pulse-piessure was 19 mm, in a case of fibr( 
myocarditis with chronic bronchitis (Case 15) 

Case 70 was a case of aortic regurgitation in a young man, aged 
3 ^eais On admission he had dilatation of the heart as well as hypertropl 
and the murmur of mitral regurgitation, as well as a double aor 
murmur The aortic diastolic murmur, however, was not loud and v 
not well transmitted His blood-pressure showed a well-marked fit 
phase at 90 mm , giving him a pulse-piessure of 84 mm 

After ten carbonated biine baths, which were given in groups of tin 
baths with an interval of one day between each group of baths, t 
transverse diameter of his cardiac dulness was found to be 3 % incl 
instead of 5 % inches which was the record on admission 'I'lie point 
maximum intensity of the cardiac impulse had moved in from 5- 
inches to the left of the midsternal line in the sixth interspace, to t' 
midclavicular line in the sixth interspace The murmur of miti 
legiiigitation, although still present, was not as loud as it had been ai 
was not transmitted to the angle of the scapula The murmur of aoil 
legurgitation was still present The pulse was more positively of tl 
Corrigan tipe The blood-piessuie observations gave a systolic readii 
of 145 mm , but there veie no phases The tap could be heard with i 
piessure in the cuff Consequent!}', the diastolic pressure could 1 
consideied 0, the mean pressure 72 5 and the pulse-piessure 14 
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Gitting/ and Goodman and HowelP*® have pointed out the absence of 
phases and a diastotic pressure of 0 in cases of aoitic regurgitation 

LOW-PBESSUKE CASES 

Cases 1, 3, 4, 7, 8, 9, 10, 12, 16, 19, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 31, 32, 34, 37, 40, 44, 46, 47, 48, 49, 51, 52, 53, 54, 55, 56, 58, 
60, 61, 62, 63, 64, 65, 66, 67, 71, 72, 74, 75, 77, 78, 79, 80 and 81 may 
be looked on as low-pressure eases (Table 9) In these the systolic 
pressure was raised in twenty-six cases, reduced in twent 5 '^-one cases 
and was unchanged in six eases The greatest increase in systolic pressure 
was 50 mm , m a case of beginning interstitial nephritis (Case 7) The 
patient had a systolic pressure of 124 mm at the beginning of the 
treatments, and at the end of the course his systolic pressure had 
increased to 174 mm 

The gieatest reduction of systolic pressure was 20 mm , in a ease of 
h 3 ^ertrophy of the heart (Case 26) The systolic pressure was 150 mm 
at the beginning of the treatments, and 130 mm at the end 

The diastolic pressure was increased in twenty-nine eases, reduced in 
seventeen eases and was unchanged in seven cases The greatest elevation 
of diastolic pressure was 36 mm, in a case of beginning interstitial 
nephritis (Case 7). The patient had a diastolic piessure of 90 mm at 
the beginning of the treatments, and 126 mm at their close The 
greatest reduction of diastolic pressure was 23 mm , in a case of paren- 
ch 3 ’matous myocarditis (Case 62) At the beginning of the treatments 
the diastolic pressure was 98 mm , and at their close it was 75 mm This 
patient was 60 years of age 

The mean pressure was elevated in thirty cases, reduced in twenty 
eases and was unchanged in three cases The gieatest increase in mean 
pressure was 43 mm, in a case of beginning interstitial nephritis (Case 
7) The greatest decrease in mean pressure was 18 5 mm , in a ease of 
parenchymatous myocarditis (Case 62) 

The pulse-pressure was elevated in tiventy-three cases, reduced in thirty 
cases and was unchanged in two cases The gieatest elevation of pulse- 
piessure was 29 mm, in a ease of arthritis defoimans with mjoeardial 
insuflScieney (Case 75) The greatest reduction in pulse-presmre was 28 
mm in a ease of mitral regurgitation and aortic legurgitation (Case 22) 

EIBHOID XIXOCAEDITIS 

Case« 1, 4, 6, 13, 15, 21, 23, 30, 34, 35, 36, 42, 46, 66, 73 and 77 are 
eases of fibroid myocarditis (Table 10) 

7 Gittwgs The Akchites Ixt Med, August, 1910, vi, 196 

8 Goodman and Howell Univ Penn Med Bull, No^eml)e^, 1910, -cvni, 469 

9 Goodman and Howell Am Jour 3Ied Sc, September, 1911, cxlm, 334 
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In these cases the systolic pressure was laised m five, reduced in 
eigJit and no change was noted in three The greatest elevation of s 3 'stolic 
pressure was 22 mm , in Case 46, the greatest reduction was 42 mm ^ m 
Case 35 

The diastolic pressure was raised m five cases, reduced in nine cases 
and was unchanged in two cases The greatest elevation was 8 mm . in 
Case 15 ; the greatest reduction 30 mm , in Case 35 

The mean pressure was raised in six cases, lowered in eight cases, and 
was unchanged in two cases The greatest elevation of mean pressure 
was 8 mm , in Case 73 , the greatest reduction was 43 mm , m Case 42 

The pulse-pressure was increased in eight cases, reduced in seven eases 
and was unchanged in one case The greatest elevation of pulse-pressure 
was 32 ram , in Case 46 , the greatest reduction was 19 mm , in Case 15 

Table 10 — Cases of Fibroid IMtocarditis 

V 

Case Variation of Piessuie Number of 


No 

Systolic 

Diastolic 

Mean 

Pulse 

Baths 

1 

— 7 

— 5 

— 6 

— 2 

18 

4 

+12 

—16 

— 2 

-{-28 

18 

6 

-{-12 

— 5 

+ 35 

-{-16 

18 

13 

0 

— 7 

— 35 

+ 7 

18 

15 

—11 

+ 8 

— 1 5 

—19 

18 

21 

0 

“f- 2 

+ 1 

— 2 

11 

23 

— 4 

+ 5 

+ 05 

— 9 

18 

30 

—16 

—27 

—21 5 

+11 

18 

34 

0 

0 

0 

0 

11 

35 

—42 

—30 

—36 

—12 

18 

36 

+11 

— 4 

+ 35 

+15 

9 

42 

—40 

—46 

—43 

+ 9 

18 

46 

-f22 

—10 

+ 6 

+32 

18 

66 

—10 

0 

— 5 

—10 

18 

73 

+ 14 

+ 2 

+ 8 

+12 

18 

77 

— 2 

+ 2 

0 

— 4 

18 


PARENCHYMATOUS MYOCARDITIS 

Cases 14, 16, 27, 32, 40, 48, 56, 60 and 62 are cases of parenchymatous 
m 3 ocarditis (Table 11) 

The systolic pressure was raised in six of these cases and was reduced 
in three The greatest elevation of systolic pressure was 15 mm , in 
Cases 32 and 48 , the greatest reduction was 19 mm , in Case 14 

The diastolic pressure was raised in five cases, lowered in two cases, 
and was unchanged in two cases The greatest elevation was 9 mm , in 
Case 56, the greatest reduction was 23 mm, in Case 62 

The mean pressure was raised in six cases and lowered in three cases 
The greatest elevation was 11 mm , m Case 32 , the greatest reduction 
^\as 18 5 mm , in Cases 14 and 62 

The pulse-pressure was increased in five cases, reduced in three cases 
and was unchanged in one case The greatest elevation of pulse-pressure 
V as 14 mm , in Case 48 , the greatest reduction was 10 mm , in Case 40 
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Table 11 —Cases of Pabenchtmatocs Mtocabditis 


Case 


■■■ ■ - Vn T'lfi'finTi 



Number of 
Batlis 

Ko 

Systolic 

> CL 1 Am. i/Avili wl 

Diastolic 

jrressiir© • — 
Mean 

Pulse 

14 

—19 

—18 

—18 5 

— 1 

IR 

16 

+ 3 

+ 3 

+ 3 

0 

J.O 

18 

27 

+ 8 

+ 3 

+ 55 

— 5 

18 

32 

+15 

+ 7 

+11 

+ 8 

18 

40 

—10 

0 

— 5 

—10 

18 

60 

+ 9 

0 

+ 45 

+ 9 

18 

62 

—14 

—23 

—18 5 

+ ‘I 

18 

48 

+15 

+ 1 

+ 8 

-j-14 

11 

56 

+ 12 

+ 9 

+10 5 

-j- 3 

9 


DILATATION OF THE HEART 

Cases 5 , 12, 19, 20, 25, 28, 29, 76, 78, 79 and 80 are cases of dilatation 
of the heart (Table 12) 

In four of tliese cases the sj^stolic pressure was raised, in six it was 
lowered and in one no change was noted The greatest elevation of 
systolic pressure was 26 mm, in Case 20, the greatest depression was 29 
mm , in Case 5 

The diastolic pressure was raised in seven cases and lowered in foui 
The greatest elevation of diastolic pressure was 11 mm, in Case 28, the 
greatest reduction was 16 mm, in Case 5 

The mean pressure was raised in six eases and lowered in five cases 
The greatest elevation was 17 mm , in Case 20 , the greatest reduction 
was 22 5 mm , in Case 5 

The pulse-pressure was raised in two cases, lowered in eight cases and 
no change was noted in one case The greatest increase in pulse-pressure 
was 18 mm, in Case 20, the greatest decrease was 16 mm, in Case 25 


Table 12 — Cases of Dilatation of the Heart 


Case 

No 

Systolic 

Variation 

Diastolic 

of Pressure 

Mean 

Pulse 

Number of 
Baths 

5 

—29 

—16 

—22 5 

-13 

18 

12 

-16 

— 5 

—10 5 

— 0 

18 

19 

0 

+ 4 

+ 2 

— 4 

G 

20 

-1-26 

+ 8 

+ 17 

-1-18 

18 

25 

—14 

+ 2 

— 6 

—16 

0 

28 

+ 5 

+ 11 

+ 8 

— C 

18 

29 

— 8 

—11 

— 95 

— 3 

18 

76 

+ 9 

+ 6 

-f- 6 

0 

IS 

78 

— 1 

+ 2 

+ 05 

— 3 

18 

79 


4 * ^ 

— 3 

— 8 

5 

80 

+ 4 

— 2 

+ 1 

+ c 

18 


HTPERTROPHT 

AND DILATATION OP THE 

HEART 



Cases 8, 43, 51, 68 and 69 are cases of hypertrophy and dilatation of 
the heart (Table 13) 

The systolic pressure in these cases was raised twice, lowered twice 
and no chanse was observed once The greatest mcrease in systolic 
pressure was 8 mm , in Case 8 , the greatest decrease of sjstolic pressure 

was 20 mm in Case 43 
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TJie diastolic piessure was raised once, lowered twice and no change 
was noted twice The elevation amounted to 10 mm , in Ca«e 69 The 
greatest reduction of diastolic pressure was 36 mm , in Case 43 

The mean pressure was raised twice and lowered three times The 
greatest elevation of mean pressure was 5 mm , in Case 69 , the greatest 
1 eduction was 23 mm , in Case 43 

The pulse-pressure was raised three times and lowered twice The 
gieatest elevation of pulse pressure was 11 mm , m Case 68, the greatest 
deciease in pulse-piessure was 10 mm , m Case 69 


Table 13 — Cases of Hybebteophy axd Dilatation of the Heabt 


Case 

No 

Systolic 

Variation 

Diastolic 

of Pressuie — 
Mean 

Pulse 

Number of 
Baths 

8 

+ s 

0 

+ 4 

+ 8 

18 

43 

—20 

—36 

—23 

+ 0 

18 

51 

— 5 

0 

— 25 

— 5 

18 

68 

+ 1 

—10 

— 45 

+ 11 

18 

69 

0 

-flO 

+ 5 

—10 

18 


MITRAL REGUEGITATIOH 

Cases 18, 24, 57, 59 and 67 are cases of mitral legurgitation (Table 
14) In these cases the systolic pressuie was raised once, reduced three 
times and no change was observed once The increase of systolic pressure 
amounted to 3 mm, in Case 59 The greatest reduction of systolic 
pressure amounted to 17 mm , in case 63 

The diastolic pressure was raised in thiee cases and was reduced in 
two cases The gieatest inciease of diastolic pressure was 6 mm , in 
Ca'-es 59 and 67 The greatest reduction of diastolic pressure was 10 
mm , in Case 18 

The mean pressure was raised twice and lowered three times The 
gieatest increase of mean pressure was 4 5 mm , in Case 59 The greatest 
deei ease of mean pressure was 13 5 mm , in Case 18 

The pulse-piessure was reduced in every case, the greatest reduction 
was 15 mm, in Case 57 


Case 

No 

IS 

24 

57 

59 

G7 


Table 14 — Cases of IMitbal Eeguegitatiox 


Variation of Pi essure 


Svstolic 

Diastolic 

Mean 

Pulse 

—17 

—10 

—13 5 

— 7 

— 6 

— 4 

— 5 

n 

—13 

+ 2 

— 5 5 

In 

+ 3 

+ 6 

-P 4 5 

— 3 

0 

+ 6 

+ 3 

— 6 


Number of 
Baths 
18 
IS 
IS 
IS 
IS 


HYPERTROPHY OF THE HEART 

Cases 2, 26, 41, 61 and 81 are cases of Inpertrophy of the heart 
(Table 15) In these cases the SAstolic pressure was increased in three 
and reduced in two The greatest increase of systolic pressure was 26 
mm ^ in Case 81 The greatest reduction in si stolic pressure was 20 
mm . in Case 26 
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The diastolic piessure was increased in two cases and reduced in three 
eases The greatest increase of diastolic pressuie was 30 mm , in Case 
81, the greatest reduction of diastolic piessure was 7 mm, in Case 26 
The mean pressure was inci eased in three cases and i educed in two 
The greatest increase in mean pressure u as 28 mm , in Case 81 and the 
greatest reduction in mean piessme was 13 5 mm, in Case 26 

The pulse-pressure was increased in two cases and reduced in three 
cases The greatest increase in pulse-pressure was 11 mm, in Case 2, 
the greatest reduction in pulse-pressuie was 13 mm , in Case 26 


Table 15 — Cases op Hypertrophy of the Heart 


Case 


variation of Pressure 

Nil 

imber of 

Ho 

Systolic 

Diastolic 

Mean 

Pulse 

Baths 

2 

+ 7 

— 4 

+ 15 

4-11 

IS 

26 

—20 

— 7 

—13 5 

^13 

18 

41 

-f-10 

-f- 6 

+ 8 

4- 4 

11 

61 

—14 

— 5 

— 05 

— 9 

12 

81 

4-26 

+30 

4-28 

— 4 

18 



TACHYCARDIA 



Cases 9, 

63, 64 and 

65 are cases 

of tachjcaidia 

(Table 16) 

The 


systolic pressure was increased in thiee of these cases and no change was 
noted in the other one The greatest ineiease of systolic pressure was 22 
mm , in Case 9 

The diastolic piessuie was inci eased in two of the cases, diminished 
in one, and no change uas noted in the othei one The gieatest ineiease 
of diastolic pressure was 22 mm , in Case 64 The reduction of diastolic 
piessure was 3 mm , in Case 63 

The mean pressuie was laised in three of the cases and lowered in 
one The greatest elevation of mean piessuie was 21 mm, in Case 9 
The reduction of mean pressure was 1 5 mm in Case 63 

Tlie pulse-pressure was increased in three of the cases and reduced 
in the other one The gieatest increase of pulse-pressure was 7 mm, in 
Case 65, the reduction of pulse pressure uas 11 mm in Case 64 


Table 1G — Cases or Tachycardia 


Case 

No 

Sistolic 

Vanaliop 

Diastolic 

of Pi essiire — 
Mean 

Pulse 

Niunber of 
Baths 

0 

4-22 

-f-2(T 

4-21 

4- 2 

12 

63 

0 

— 3 

— 1 5 

4- 3 

18 

64 

4-n 

4-22 

4-16 5 

—11 

13 

65 

4- 7 

0 

4- 35 

+ 7 

18 


aoutic regurgitation 

Cases 33, 44 and 70 aie cases of aortic reguigitation (Table 17) 
The sjstolic pressure was diminished in two of these cases andTio change 
uas noted in the other one The gieatest reduction of pressure was 20 
mm in Case 70 

The diastolic pressure uas reduced in all thiee cases The greatest 
reduction was 90 mm in Case 70 
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The mean pressuie was i educed in all thiee of the cases The 
g] eatest reduction was 59 5 mm , in Case 70 

The pulse pressure was increased in two of the cases and diminished 
in the thud The greatest increase of pulse-pressure was 61 mm, in 
Case 70, the diminution of pulse-piessure amounted to 12 mm, in 
Case 33 


Table 17 — Cases of Aoktic Regurgitation 


Case 

Xo 

S'^stolic 

Variation 

Diastolic 

of Pi essure — 
Mean 

Pulse 

Number of 
Baths 

33 

—20 

— 8 

—14 

—12 

3 

44 

0 

—14 

— 7 

+ 14 

18 

70 

—20 

—90 

—59 5 

+61 

10 


ARTERIOSCLEROSIS 


Cases 37 and 50 aie cases of arteriosclerosis (Table 18) In one of 
these cases the sistolic piessiire was inci eased and in the other one it 
was diminished The diastolic pressure, the mean pressure and the 
pulse-pressure were increased in one case and diminished in the other 


Table 18 — Cases of Arteriosclerosis 


Case 

No 

Systolic 

Variation 

Diastolic 

of Pressui e — 
Mean 

Pulse 

Number of 
Baths 

37 

— 0 

+ 1 

— 4 

—10 

11 

50 

+ 17 

— 0 

+ 55 

+23 

18 


In the case of mitral obstruction and reguigitation (Case 3), the 
systolic pressure was increased, the diastolic pressure and the mean 
pressure were reduced, and the pulse-piessuie was increased 

In the ease of chronic parenchymatous nephritis (Case 17), the 
si'stolie pressure was increased, the diastolic and mean pressuie Mere 
reduced, and the pulse-pressure was increased 

In the case of beginning interstitial nephritis (Case 7), the systolic 
niessure was increased 50 mm , the diastolic pressure was increased 36 
mm , the mean pressuie was increased 43 mm , and the pulse-pressure 
was increased 14 mm 

In the case of mitral regurgitation and aortic regurgitation (Case 
22), the sA^stolic pressure was reduced, the diastolic and mean pressure 
were increased and the pulse-pressuie was reduced 

In the case of fat heart (Case 49), the s 3 "stolic pres'^ure was reduced 
the diastolic pressure and the mean pressure were increased and the 
pulse-pressure was reduced 

In the case of weak heart (Case 30), the systolic pressure, the diastolic 
pressure and the mean pressure were reduced but the pulse-piessure was 
increased 

CONCLUSIONS 

1 Caibonated brine baths hare no constant effect on the blood- 
pressure of the human subject 

2 In the cases in which observations were made both before and 
after each bath the s}‘=tolic pressure w^as laised more frequently than it 
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was loweied, so that we may say that the tendency of the baths is to 
laise the blood-pressure 

3 Although there are cases of high hlood-pressuie in which a course 
of carbonated brine baths has been follow^ed by a lower systolic pressure, 
there are other cases of high-pressuie in which the pressure has been 
higher at the end of the couise of tieatment than it was at the beginning, 
in one case 26 mm higher 

4 Although there are cases of low' blood-piessure in wdiich a course 
of carbonated brine baths has been follow'ed by a higher systolic pressure, 
there aie other cases of low pressure in wdiicli the pressure has been lowei 
at the end of the course of treatment than it was at the beginning, in 
one ease 20 mm lower 

5 There is no method of deteimining in ad\ance whether a given 
treatment will be followed b} an elevation oi by a fall of pressuie 

6 In the eightj-one eases the systolic pressure was higher at the end 
of the course of treatment than at the beginning in thirty-nine, lowei 
in thirty-four, and unchanged in eight 

7 In cases of fibroid myocarditis the pressure effect is inconstant 
In this series of cases the systolic pressuie was loweied moie often than 
it was raised, but the pulse-pressure was laised more often than it was 
loweied It seems to me a dangeious procedure to use a foim of tieat- 
ment in a case of cardiac fibiosis w'hicli may be followed by' an iiiciease 
of systolic pressuie of 22 mm , or an increase of pulse-pressuie of 32 mm 

8 In eases of parenchy'matous myocarditis the effect oE the baths 
on blood-pressure is usually' to raise it, but in some eases the baths aie 
followed by a reduction of both the systolic and the pulse-pressuies 

9 In eases of dilatation of the lieait, cases of liy'pei trophy and dila- 
tation of the heart, cases of mitial regurgitation, cases of hy'pertiophy of 
the heart, cases of tachycardia, and cases of aortic legurgitation, the same 
uncertainty of results was seen, except that in cases of mitral reguigita- 
tion the pulse-pressure was reduced in eveiy one of the five cases and 
in cases of aortic regurgitation the diastolic pressure and the mean 
piessure wmre reduced in every one of three cases 

10 In a case of arteiiosclerosis an ineiease of 17 mm in the systolic 
pressuie and 23 inra in pulse-piessuie might lesult disastiously In a 
case of chronic parenchymatous nephritis an ineiease of 9 mm in sy'stolic 
pressure and of 22 mm m pulse-pressure may oi maA not be negligible 
In a case of interstitial nephiitis an inciea=e of 50 mm in systolic 
pressure could hardly he thought desirable 

11 The reduction of systolic pressure in a case of veak heait can 
scarcelv be looked on as a favorable circumstance 

12 The benefit in the subjectne c^mptoms in cases of heart disease 
vhich follows a course of carbonated brine baths is not dependent on the 
influence of the treatment on the blood-pressure 

^157 Parte A-vcmie 



A CLINICAL STUDY OF THE EFFECTS OF SLEEP AND 
BEST ON BLOOD-PEESSUEE •= 

HARLOW BROOKS, MD 

AND 

JOHN H CARROLL, MD 

NEW yOBK 

' Niimeious physiological lesearclies on both man and the lowei animals 
have shown that there is a marked fall in blood-pressure during sleep 
TarehanofE^ showed that a fall in aortic pressure of from 30 to 50 mm 
mercury took place in 3oung dogs during the eaily stages of sleep, and 
Howell- noted a like fall m the blood-pressure of man 

Leonard Hill,® although admitting that a fall in pressure took place, 
did not believe that this drop was an}^ greater during sleep than that 
which has been demonstrated to occur as a result of simple rest combined 
with the pi one postuie Biusli and Fa3erweathei,^ however, showed 
definitel3 that this vas not the case, but that the fall was concurrent with 
sleep, ancl that it was much greater than the drop which sometimes, but 
not invariabty, takes place simply fiom rest or on lying down 

Howell (Textbook) bungs out the important fact that the maximum 
fall occurs between one and two hours after sleep, and that this same 
period corresponds to the time of the greatest auditory insensibilit3", as 
determined by Kohlschutter. Czern3', and by Moigenthal and Piesbergen 
Our attention vas first called to these ph3 siological facts in the course 
of the studv of a case of a peculiar mental and spinal phenomena, mani- 
fested in an instance of disturbed cerebrospinal circulation Further 
investigation conducted on carefulty selected cases showed that in each 
individual a more or less constant variation in the blood-pressure 
occurred, depending appaientl3" more on the time of observation than on 
other factors For example, we found that the night pressures, taken in 
groups of night sleepers, were almost invariably lower than the da3" 
pressures m the same individuals, but that conversely in night workers 
(ten instances studied) and da3’ sleepers the finding was reversed In the 

“ Read at the meeting of the Association of American Physicians, Jlay 14 , 1912 
From the Second Medical SerMce, City Hospital 
* Manuscript submitted, for publication, May 22, 1912 

1 Taichanoff Aich Ital de Biol 1894 ■vxi, 318 

2 Ho\iell Join E\p Med, 1897, ii, 335 
3, Hill Lancet, London 1898 i, 282 

4 Brush and Fayern eather Am Joui Physiol 1901 i 199 
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hope that a caieful study of these conditions might lead to an undei- 
standing of the subject irhich might be utilized clinicall}^, we then undei- 
took a quite extensive study of the subject, after we had first verified on 
patients the correctness as applied to them, of the general physiological 
facts above cited 

All of our obseivations were made using the 13 cm stiff leather arm 
cuff, and in most instances eithei the Janeway or the Sahli sphjgmoman- 
ometers were employed For obvious leasons the study was confined to 
the systolic pressuie In most instances obseivations on individuals or 
groups of cases were coriected or verified by subsequent repetition undei 
as nearly as possible the same conditions In so far as practical, neurotic 
individuals and such others as through personal peculiaiities, would be 
likely to confuse or complicate the mam points of our study were avoided 
or eventually excluded from the statistical study, and an effort was made 
to select such instances as vonld appear to apply most fittingly to the 
question immediately undei discussion, although these aberrant cases 
afforded a rich material of gieat interest Haturally it was found that 
phlegmatic subjects showed much less hourly variations, such as might be 
excited by psychic stimulation, for this reason neurotic subjects were 
avoided m so far as possible, oi their lecords were discarded when the 
data -were considered statistically 

For convenience of study and purely from the clinical standpoint, we 
have divided our series of carefullj'’ observed cases into three classes 
Those 111 which the sjstolic pressure lay within the range of the usual, 
110 to below 170 mm Hg, those in which the pressure was less than the 
usual, that is below 110 mm , and those m which the pressure was aboie 
170 mm Hg, which class comprised the high-pressure cases In order 
that widely discordant results might not be reached from this division 
into more or less arbitrary classes, excessive alterations in pressure weie 
not included in our tabulated senes, though special but entirelj individual 
studies have been made in manj’’ such instances Thus, for example, the 
very low sjstolie pressuie of 65 mm in a case of salvarsan poisoning was 
not included, nor vere tuo instances of sjstolic pressure of 300 and 310 
mm , respeetivelj included 

In each series a basis of comparison uas established bj^ taking the 
pressure in each case betu een 4 and 5pm, for as we have shown, the 
time of the daj', at least in its relation to rhjthmic sleep, is an important 
matter when one conies to comparative!) estimate and particular!) to 
value blood-pressure Each group w as investigated and recorded not less 
than four times, and most cases were kept on regular piessure chaits 
throughout 

Sixt) -eight patients who showed medium pressures were studied 
These gave an average basic afternoon pressuie of 142 j mm Systolic 
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readings taken between one and two hours after the night sleep showed an 
average drop of 24 mm Hg Three hours after the morning walang the 
pressure still showed an average depression of 12 mm , and from this 
time during the da}’’ the pressure graduall}’’ rose until the mean afternoon 
level was again reached, between 4 and 5 o’clock 

Thirty instances of low pressure weie similaily studied The gioup 
shoved an average sj'stolic pressuie of 100 mm (the minimum case had 
a pressure of 80 mm ) Pressure detei mined within fiom one to two 
hours after primary sleep showed an average drop of 16 5 mm The 
morning reading still shoved an average depression of 6 66 mm with a 
slow return to the general average of evening pressure 

Twenty-nine cases of high-pressure with an average S 5 stolic reading 
of 204 5 and a maximum in tvo eases of 250 mm, showed an average 
one- to tv’o-hoiii drop of 44 8 mm and a morning pressure of 22 8 

It IS a notewoith}' fact that the least drop in pressure took place in 
those patients who had an initial lov^-pressuie and the greatest fall in 
those with the highest systolic reading Study of isolated examples of 
very high and of verj Imv pressure show this fact in even more marked 
degree Just as under physiological conditions the maximum fall occurs 
within two hours after falling asleep, with a subsequent slow rise cul- 
minating in the afternoon reading 

That this fall is a definite attempt at conservation on the part of 
nature, needs no veiy vivid imagination to conceive 

Observations conducted on these and other groups of selected cases, 
including also neurotic subjects, indicate that the pieliminai}^ drop after 
sleep IS a ver}’- rapid one and that the rise thereafter begins during sleep, 
very soon after the point of minimum pressure and extends up gradually 
thiough the lemainder of the sleej) period, to slowly rise during the day 
until the maximum pressuie of the afternoon is reached Tins is the 
course vdien patients are confined to bed, but when the} are allov’ed to 
rise and go about the ward there is a slight but rapid rise of a few mm 
incident to getting up, after vhich the usual slow upward curve ensues, 
and except in this paiticulai no essential difference between bed and 
ambulatory cases is demonstrable 

Altliough it might leasonabl} be inferred from the foregoing that a 
regular blood-pressuie cuiie exists not onl} m normal but also in supei- 
and subnormal cases, and vhile such is true of the average case, man^ 
exceptions exist, especially in subjects marked!} influenced by various 
ps}eliic factors and paiticulail} as ve have demonstrated to oui ovn 
satisfaction in cases of eiieulator} decompensation or in cases about to 
decompensate 

The marked effect of nervousness and apprehension in influencing 
the blood-pressuie cuiie has not, we belieie been overestimated b} 
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clmicians, and as Ijefore mentioned, in onr systematic groups »e hare 
attempted insofar as piactical, to eliminate those patients m whom this 
factor was likely to be a dominant one 

Gumprecht found a fall in the pressure of laboiing men with readings 
between 160 and 200 mm^ after rest in bed on tlieir entrance into the 
hospital, and he attributes this drop to unaccustomed lest Hensen,® 
however, calls attention to the highei readings usual in patients of this 
class on the first day of then hospital residence We are inclined from 
oui studies to agiee with Hensen, foi we have not found that rest pei se, 
that IS, physical rest, mateiially alteis either super- or normal blood- 
pressure, although it exerts a profound elevating influence on the low 
pressures of exhaustion Conceining mental oi psjchic rest or sedation, 
however, we are strongly of the opinion that profound changes in pressure 
occur, and although we have not as 3 ^et proved it to our complete satis- 
faction, we believe that these factors determine to a veiy large degree the 
undoubted benefit derived from rest in cases of high pressure 

It IS admittedly foreign to the nature and intent of this paper to 
enter into an attempt at physiological interpretation of the fall of blood- 
pi essure after sleep, but the subject is so alluring and admits of so very 
manv interesting and possibly therapeutically important inferences that 
it IS difficult totally to abstain in this direction Prom a somewhat 
limited number of observations conducted alike on high, medium and low 
pressure eases, it seems that the fall in pressure after sleep is much more 
pronounced after the customary regular oi rhythmic sleep, be this night 
or day, while the drop which also occurs as a lesult of the sleep taken at 
iriegulai intervals is usually much less in degree and less abrupt in. 
appearance, although we have some evidence to the effect that after pro- 
found physical exliaustion the drop in pressure which occurs with sleep 
is even more rapid, but it does not fall much if any below the accustomed 
level which we believe from these clinical cases to be an individual period, 
comparable to the usual pulse-rate in any given individual, though 
apparently quite classifiable with similar instances in the same type of 
persons 

That the drop is in some way directly connected with the phenomena 
of sleep IS apparently suggested by the fact that in our groups, when the 
patients were not allowed to sleep, the pronounced fall does not take place 
although a certain drop occurs perhaps as a result of posture or rest 
This conclusion is based on a study of sixty cases Furthermore, wlien 
sleep IS disturbed, as by disagreeable dreams, noise or pain, although 
complete unconsciousness may be attained the drop is not so pronounced 
Tins fact may very likely account for the comparative exhaustion uhich 


5 Quoted by Theodore Janeway 


“A Clinical Study of Blood Pressure ” 
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IS clinically observable in patients aftei a night of disturbed, although 
unconscious, sleep This fact was especially suggested by one night’s 
observations when the sleep in the general waid had been disturbed by the 
presence of a delirious patient Eeeords taken of previously studied 
patients, who despite the anno 3 ance had become unconscious, showed a 
drop, but not to the accustomed degree 

Distuibance of patients during the fiist sleep delays, but does not 
necessarily prevent the maximum fall in piessiire, but frequent mteiiup- 
tion of sleep does prevent it When the maximum drop has taken place 
before the patient wakes it does not recui that night no matter how sound 
the subsequent sleep may be 

As to whether this diop is occasioned by the sleep or whether it occurs 
as a rhythmic phenomenon, independent of, but coneurieiit with sleep, we 
do not as yet feel entirely prepared to speak, but we do not think from oui 
studies that it is in any way concerned in the causation of sleep, for the 
fall appears subsequent to, rather than preliminar}' to, oi concurrent v itli 
sound sleep As some of oui instances apparently show, sleep, sound, 
lefreshing, at the usual time and apparently entiiel}’’ ph} Biological, ma}' 
occur without this drop, we are nevertheless convinced that in geneial 
the diop IS a physiological necessity and that its degiee is determined in 
at least a general way by the requisite rest and release fiom tension 
demanded by the individual 

The amount of night urinary secretion is apparently in no way 
dependent on the grade or degree of pressiii e-drop in so fai as can be 
determined from these cases (Six cases only were studied in regard to 
this pomt, two high, two medium and two low ) 

In an attempt to apply these observations clinically we have endeavored 
to ascertain whether prolonged sleep causes a proportionate lowering of 
the piessuie Within an ordinary degree at least this does not appear to 
be the case and attempts to secure even a temporarily lowei twenty-fonr- 
houi pressure by piolonging or deepening the sleep were apparently 
without avail furthermore, we found that little difieience existed in the 
total twent^’-foiii-houi piessure whether the patient is confined to bed 
01 IS allowed to be up and about 

A special series of obseivations (ten instances) were conducted to 
determine whethei the sleep drop might not be artificial!}' inci eased in 
order to secure a lowei piessure curve in concrete cases of higli pressuie 
We obtained no results in this diiection and in cases in which the drop 
and curve had been pieiioiisly determined, by the administration of 
potassium broinid in a dosage of as high as 120 grains the degree or 
persistance of the fall was not increased The same lack of result vas 
shovn when chloial hidiate m a dosage of 50 grains per night vas gnen 
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3'et the di op and curve were not materially altered From these and from 
other clrnreal observatrons we feel justified in the discouraging conclusion 
that this sleep-drop cannot as yet be utilized therapeutically' to lower the 
blood-pressure and that although its effect in high blood-pressure cases 
IS more marked than that of anj^ drug in medicinal doses, it cannot be 
employed therapeutically. It maj, however, he said parenthetically that 
the more we study this question of blood-pressure the more we become 
persuaded toward the conclusion that the often frantic efforts to lower 
high blood-pressure are perhaps as harmful, if successful, as they are 
usually futile 

44 West Ninth Stieet— 84 West Twelfth Street 



ARTEEIAL LESIOES EOUED IN PEESONS DYING EEOM 
ACUTE INFECTIONS, AND ATTEMPTS TO PEO- 
DUCE AETEEIAL LESIONS IN ANIMALS 
BY NON-INFECTIOUS TOXINS 

CHANNING FROTHINGHAJil, JR , M D 

BOSTOjST 

In a foimer study^ it was shown that diffuse aitenal lesions of a 
mild grade were frequently associated with certain acute infectious dis- 
eases in 3'oung people These lesions were in no way characteristic of 
acute infections, as they were similar to the usual lesions found in the 
arteries in old age, whatever he their causes These lesions consisted of 
fatty changes with or without cellular invasion in the intima and media 
of the vessels In some cases the connective tissue was increased in the 
intima, media or both, and in some there was loss of muscle substance in 
the media In the arteries in the spleen there was a peculiar hyaline-like 
degeneration involving one or all the coats It is impossible to say, there- 
fore, whether or not these lesions in these special cases are due to the 
toxins of the disease 

In one of the cases of general septicemia in this former study a differ- 
ent land of arterial lesion was found in the kidney There was necrosis 
of the vessel wall with fibrin formation and invasion into and around 
the vessel wall of polynuclear leukocjdes and endothelial cells, as is shown 
in the accompanying photogiaph 

It IS known that the tubercle bacilli and the spiiochetes of syphilis 
invade aitenal walls and cause lesions characteristic of the organism, 
which leave a permanent sear The question therefore arose as to the 
possibility of this lesion being due to the presence of some special infec- 
tious organism, or to a certain kind of cnculating toxin 

Tins study consisted of a search for lesions of this t3^pe For this 
purpose autopsy material, pieseived in the usual routine manner of the 
Boston City Hospital pathological laboratory, was used Tlie tissue after 
Zenker’s fixation was stained with eosin and meth3len e-blue stains Sec- 
tions from the more important organs and aorta were examined Occa- 
sionally one or more organs were missing in a given case Usually only 
one or two slides of the same organ were examined This was found later 

*!MaTiusci ipt submitted for publication June 14, 1912 

■^From the laboratory of the Department of Theory and Practice of Phy‘=3C, 
Harvard University 

1 Frotlungbam The Abckites Ixt Med, 1911, mu, 153 
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to have been unfortunate as in some cases lesions 
every thud or fourth slide 


uould onl} appeal in 


As this tjpe of in;)ury to the vessel wall was quite distinct from the 
early or late so-called arteriosclerotic changes, tissue from patients up to 
40 years ol age was studied In all, sections from fifti-six patients were 
examined Of these fort} -eight died from acute infectious diseases 
These forty-eight cases included bronchopneumonia, diphtheria, typhoid 
fever, pneumonia, tuberculosis, scarlatina, measles, general sepsis, and 
septic conditions of the ear, salpinx, peritoneum, meninges, joints brain 
livei and pleura 

Ho mention will be made of the lesions in the vessels characteiistie 
of so-called arteiioscleio^is and occurring in cases of acute infection as 
described above Only those lesions are mentioned in which tbeie was 
necrosis of the vessel vail with fibiin formation and cellulai imasion 
In some of these vessels thrombi were formed which expended beiond the 
site of the necrosis In none of the eight cases which died from chionie 
non-infectious disorders were lesions of this t}pe found 

Of the fort} -eight cases with acute infections eight showed arteiial 
lesions of this type These eases with the location of the lesions were as 
follows 


Artery in the hidney fiom the case numbered Path Records 1910 15 For this 
photograph I am indebted to Dr F B Mallory 

Pathological lecoid B C H 191147, aged 6 veais Purulent meningitis 
Autopsy cultuies, streptococcus Aiteries in meninges involved Arteries in 
other organs not affected 

Path record BCE 1911-38 aged 32 years, tnbeiculosis of lung and meninges 
Autopsy cultuies, tubercle bacilli, and mixed growth Only meningeal vessels 
show this lesion 

Path records C H 1911-42 aged 34 v ears Acute endocarditis, pneumonia, 
pulmonary infarcts No culture taken This type of arterial lesion occurred onlv 

in the lung ^ 

Path recoid BCE 1911-4, aged 3 yeais Empyema and lung abscess with 

miliary tuberculosis following scarlet fever Autopsy cultures showed mixed 
infection Acute aiteiial lesions of this type found in luer and lungs 

Path lecord 1910 179, aged 3 years Empyema, pericarditis, and meningitis 
follo^ng diphtheria Autopsy cultures negative This type of lesion only found 

in tte vessels of the lung and meninocs^ Diplifheria and broncliopneunionia 

AuSsy cXt, dmhtLna bacilli and others Vessels in the pharyngeal wall 
show^ed these General sepsis with pus in joints, etc 

folloiSng sSet fevL Eo%ultures taken 

were found in the kidney, heart. In er an ^ interstitial nephritis 

Path record, 1897-171, aged ^ was 

Autopsy cultures streptococcus Te^^ of this acute tape 

'I'vailable In the kidnev wcie marked a 

rrom a study of these cases it is evident that marked arterial lesions 

of thia type alttoligli not common, do oceui 

and are pretty ivell distributed throughout the dilteicnt orga s i i 
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seem to occui chiefly m infections caused by oi complicated with the pus- 
foimmg cocci In no case could the possibility of the hacteiia being 
present in the legion he excluded, although they were not demonstrated 
The case of peiiaiteiitis nodosa lepoitecl by Longcope” shov/s a similar 
lesion and is consideied to be due to some infectious piocess Eecently 
Malloiy'* has found similai lesions in the aitenes of the lieait duiing 
acute aiticulai iheumatism The end-iesult of such a lesion on healing 
must shoM a permanent scai in the aiteiial nail It seems leasonable 



Mai keel aitenal lesion found in an aiteiy in the kidnei follo\\ing scailet fe^cl 


to suppose that less seieie infections of the same t^pe iihich terminate 
111 lecoiei'^ nia"^ cause similai aiteiial lesions Mitli an aitenal scai earned 
into latei life The question mimediateh aiises, Do repeated le=ions of 
this soit lead to the so-called aitenoselerosis ot old age^ If such a 
lesion heals nith a jiaitial occlusion of the lumen, it is reasonable to 

2 Longcope Bull Aiei Clin Lab Tenn Hosp December lOOS 

3 MalTorv, F B Unpublished article 
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suppose that the vessel wall distal to this point may siiffei fiom dimm- 
ished blood^upply It is also possible that the aiteiial wall adiacent to 

the scar may suffer fiom lack of imtntion due to the sunoundm^ scai 
tissue 

With the hope that cluneal histones might thiow some light on the 
cause of arterioscleiosis the recoid of tvo patients with maiked sclerosis 
of the aitenes aged 22 and 16 years, lespectiveh, were carefully studied 
There was nothing in the histoiy of either case which could be pointed 
to as a possible cause of the sclerosis It is only fair to state that the 
histones were not carefully taken with this point in view 

In studying these sections it was noted that in cases of chionic dis- 
oidci such as nephritis, diabetes, etc, the aiteiial lesions chaiacteiistic 
of aiteriosclerosis were usually quite marked An attempt ivas made, 
therefore, to produce in rabbits aiteiial lesions of tlie degenerative type 
by metabolic oi chemical poisons 

Although the experiments uere uniformly unsuccessful in pioducing 
lesions, they uill be biiefly described In this vork tissues pieseived in 
foimaldeliyd solution, uere stained with Schailacli E for fat in addition 
to the routine eosin and methylene-blue ^tain on Zenkei lived material 
used in this laboratoi} 

Double nephrectomy undei ether anesthesia uas peifoimed on live 
rabbits which lived fiom twenty-four to foity-foui houis aftei opeiation 
In this time fatty changes had occiiried in the heait muscle as described 
by Lewis ■* but no evidence was found of lesions in the arteiies 

Bovine’’ bile uas injected intiavenously, intrapeiitoneally and siibcu- 
taneouslv in vaijing amounts into rabbits foi dilfeient lengths of time 
Although the lesiilts vaiied with the diffeient biles used iL seemed as 
though fatty changes ueie pioduced in the lieait and li^ei in some cases 
jS^o aiterial lesions veie formed, houever, in anj of the cases Tissue 
from a cat which had been kept in a state of gBcosuiia foi oiei a jear 
by Di Allen was examined for fatty changes in the les^els No pieces 
of the aorta ueie obtainable but the aitenes in the diffcreni oigain 
shoved no degeneiative lesions 

The kidneys vcie examined in foui labbits vliich had been injected 
bv Di Chiistiaiff vitb manivm mtrate and citliei caffein or adienalin 
and spaitem in voik on expeiiinental nepliiitis In tliese kidneis marked 
lesions vere found in the paienclninal cells and also in the gloiuenili 
Hemoiihages vere piesent in the glonieiuli In tliiee of the=e ca=es no 
aitenal lesmns vere found In one a feu fat gianules veie present in a 
fev of the small artenes 

4 Lewj*? Jour IMoil Kesearch \%n 201 

o Frothinglmni and Minot Jour Med Rescarcli 1912 vwii 
6 Christian, Smith and Walker IMe Arciiues Ixt Med, 1911, viii, 46S 
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In three rabbits Avhicli had been in3eeted with adienalin and spaitein 
b}^ Di Chiistian there weie maiked degeneiative lesions in the caicliac 
muscle and piolifeiation of the cardiac connective tissue In these cases 
the aiteiies showed no lesion with the possible exception of a slight 
amount of fat in a few arteries in one ease It is interesting to note 
that toxins, which will pioduce an hypertrophj'^ of connective tissue in 
the stroma of an organ appaiently have no effect on the connective 
tissue of the vessel walls 

CONCLUSION 

Although this studv has tin own no light on the relation betw^een non- 
infeetious toxins and aiteiial disease it has shown that duiing acute 
infectious diseases severe localized aiteiial lesions may occur 


51 Heieford Stieet 



SOME CLINICAL AND EXPERIMENTAL OBSERVA- 
TIONS WITH A SACCHAROMYCETB - 


LOEENA M BEEED, M D 

POMONA, CAL 
INTRODUCTION 

M'y object in presenting this papei is to lelate the facts in connection 
with my observations and to call attention to the possible significance of 
yeast organisms in the sputa of doubtful lung cases 

I am areatly indebted to the idijsiciaiis of Pomona \\ho have so kindly and 
generously eoopeiated with me m these investigations, and to Di Cliaite C 
Brownino' of Los Angeles foi consultation and suggestions in Ca«e 7, to Di U J 
Davis of'’ St Luke’s Hospital, Chicago foi his inteiest and valuable suggestions, 
nnd also to Dr I C Herb of the Eush Medical College foi assistance in tians 
lation of literature I desiie to expiess my deep appiec.ation foi the ever leadi 
i„d helUl mterost sl.cvn by Dr Sl,„ley P H.ck of P-rs.drna, rrhose y.so 
counsel and advice have been a constant incentne to caieful voik 

literature 

Claude Bernard/ Ihe Fiench physiologist, expeiiinenting vitli 3 east 
m 1848, produced infections in animals Since that tune vaiious 
observeis liave had similar results, using for tlieii expeiiiuents vine 
beer yeasfs and the tlnush fungas Sanfel.ec," eypenment.ng m 
1896 with two varieties of sacchaiomyccs, one fioni fniit jnice fou 

1 ^ U +irarrraTiiP foi oaiinea-nigs and vhite mice Ljdia Rabino- 
them to be pa 1 g ^ ^ith foiL yeasts vhich veie 

witch- ma e ^ ^ souices She found eight pathogenic, some pio- 

obtained from different ^ septicemia Maffucci and 

ducing ^cies of^acchaiomjces produced in 2Uinea-pig= 

Sirl w foun ‘ ‘ resembled tubei culoiis pneumonia Demme s ■ 

a pulmonary affect lesponsible foi an outbicak of intes- 

SaccU.o.ryces ^ „ yhildien, uas found to be pathogenic 

tinal catarili in a family ot seien 

for guinea-pigs, ^ membiane is possible lias been 

de„“l:«'bTc:;e^'-<' Bosd.te who obtai^d a pathogenic ,ea=t 

■'Maiiuscnpt C iliformi Medic il Socld^ at Pasulcna, 

^Kead at the meeting of the bouinein 

Mav 1 PtlS Tornne; de Pithologie E\ih rimeiitale, 1S71 

1 Bsinard, Claude f B iktei lol , 180 1 \mii 72 

2 Sanfeliee Piaiicesco ^ Infcktion^krankh ISO., \\i 

3 Kabino«itch Polwl.iiieo ISO', p 108 

5 DemrE Berlin^SOO Hir^clivald 

?oT hrei. f Oin.k.lSIC'"'- 
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from a patient -with chionic catairh of the uterine cei\i\ Bnsse' found 
the fungus in piolifeiatne cataiih of the nasal mucosa Busse also, in 189 - 1 , 
de=eiibed a 3'east uhich he found in a case of premia and i\hich he named 
Sacchm omyces liomims In all he published foui communications 
legaiding this fungus and the same oiganisin iias deseiibed bi Buschke ® 
Gilchii«t® desciibed a pure skin disease caused by a } eastlike fungus 
Cuitis'® published an account of a ea'^e in uliicli a }east caused ni}\onia- 
like tuniois He called this fungus Sacchai omyces Inimame Hueonei” 
found a ^acchai 01113 ceto 111 pustules of the skin on lanous paits of the 
bod3’^ Coiselli and Frisco^- cite a case in uhicli nodules uere seen 111 
omentum and niesenter3 In this case 3 east oiganisms were found in 
ch3lous and ascitic fluids obtained 113 exploiatoiy puncture dniiiis 



life, and Mere found to be pathogenic for guinea-pigs, labbits and dogs 
Tioisieui and Achalme^“ found a sacchai 01113 cete in a case of pseudo- 
niembianous angina 111 a tiphoid feiei patient Clinton Ilickei^'* of 


7 Busse Otto Uebei Sacchai oniACOsis hominis, Tl^cho^^s Aich f path 
Anat ISOj c\l 23 Expeiini Unteisuch uber SaccbarouT\ cosi= Xircbous Arch 
f patli Aint lS'1h c\ln 3G0 

S Buecbkc, A Klin Voiti i«:e 1898 Xo 21S 

') Gilcbiist T C The Johns Hopkins llo=p Bep ISOG i 2G0 

10 Cnitis Conti ibiition 1 1 Etude do li Saccharoln^ cose hunnine Ann dc 
1 Inst P Intern 18'1() \ 449 

11 Ilciibnei Dcnt-,ch ined \\ chn-^chi 1904 Ko« 31 and 34 

12 Coi^clli G e Piisco B Ccntialbl f Bakteriol 1893 \mii 3GS 

13 liois^ici E iiid Athalnie P Aicb de niCd c\pCd tt d amt path 
1893 a 29 

14 Hicke\ Clinton Colorado Xled Join , 1900 m, Ko 2 p 4S > 
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Denvei desciibed in 1900 two eases of seailatmal angina and one of 
^'soie throat” in winch a dense exudate eoveied tonsils, pillais of fauces 
and niaigms of soft palate The cit}'^ bacteiiologist lepoited '^no Klebs- 
Lofflei bacilli, no streptococci, and no staplr^ lococci, but numerous }east 
cells ” Steinhaus^“ found a 3 east in a child suffeiing fioni scailet feiei 
which he called Sacchm omyces memhanogenes On the fifth day the 



ji-jg 2 — Saecharomycete, snieai 
methylene blue Oil mimeision 


fiom 24 hour cultuie, stained uith Lofflei’s 



Fig 3 — Sacclnionncete, snicai f q 1 „„ineision 

capsufes, stained u.th Loflle. s metln lone blue 

fetid odoi On the {uenTt-fii=t dat 
child de\ eloped cioup mth a ten ^ peifoinied Aftei opeiation tlie 
dispnea deteloped and tiacbeotonn ],ieathing became 

child coughed up a tenacious ina*-- o ^ * i 

1_ , T ol>t On<-, 1*100 07, Nliii part 1, 

15 Stoinlmus Centralbl f Baktciio 
p 40 
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easier An aseptic instuimcnt Mas passed into the tiacliea and inembiane 
seemed foi cnltmes One thousand units of antitoxin iieie given, as 
diphtheiia had been diagnosed The patient died next da} Autopsy 
ivas not alloived Cnltmes veie made on Lofflei’s blood-seinm Sixteen 
horns latei the plate shoived laige, glifctening, loiind, light yelloiv-tinged 
colonies which, much to his smpiisc, leiealed piiic cnltmes of yeast 



Fig 4 — Sacchaiomjcelc in tissues, sin i ouiiclecl by leukocytes, mostly poly 
nucleais, hematoxylin and eosin stain Oil immeision 



Fig 5 — Sacehaionii cete nucleai stain Jaii«sen s and Leblanc’s modification 
of Muellei’s method Oil imineision 

111 Ins animal expenments, mice gmnea-pigs and labbits neio eniploicd 
He used intiaienons snlicntaiieons and abdominal iniection= aI=o feed- 
ing biead soaked in bouillon ciiltuies of }cast all of uhitli produced tlie 
chaiaeteristic infection, and at autops} the characteristic luiliar} tubercles 
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and sectionfe revealed the ’^east fungus in all oigans and in blood-i essels 
and nerves His aitiele is complete in eiei} detail Eeitnian^® cites 
a case, a patient of 30 3 eais, sick eleven da^s, nho died foiii dais aftei 
entrance to the hospital The antops} shoived eioupous pneunionia and 
gloiiienilitis Onl 3 sections of kidneis ivere evannned, but many of 
these sections contained double-contouied refiactile bodies betiieen 5 and 
20 microns found in epithelinm of the tubules in the glomeruli, and fiec 
in the blood-stream It was impossible to make ciiltuies in tins case on 
account of the non-ieeognition befoie haidening He depended on stain- 
ing and morphology, but thinks tliat they' coiiespond to the oigaiiism 
described by Busse Castellani/^ diiectoi of the Clinic foi Tiopical 
Diseases, Colombo, gives some inteiesting obseivations on fungi found 






I mm in Case 14, nuclcii stain foi ihf 

Fi„ 6— Sacehaionncete, smeai horn pus in vase 


feientiating Oil immersion 

i- 1 1 ftl’G 2[l\Cn (tcU-f ictoi ^ 

m fop.cal bronoLowcoses to 
cough, copia cough, etc ), Among othei iimgi He 

r. Unc Upon =0 caiefuIB and thoiougbh 

Thes„biectotpatbogen.c,east.tebocr^.^^^^^^^ 

coieied, and the htcratuie so comp „ I'liimi 

.,.onog,„pb .<OK„o„nco.s (B.a^.onnc^O ol:::,',,, 

and b\ Ilektoen in Ins suniiiiaii ol ca e. - 
CoccKlioiclal Gramilomata that fmtiioi jefcicncc av 

!? Ah, o ' oL', -f.:';™' ibf.";..!', .-h .a .i.a t,o,>,c„ i>rn„c„o 

mj coses Lancet, London, 1912, i 1, P 
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works, with their bibliogiaphj’’, seems unnecessary Hektoen^® sajs that 
the histoiy of many of the cases cited by him, and the bronchopneumonic 
charactei of some, may be taken to indicate their air-borne nature In 
a number of these cases blastomycetes were found in the sputum, and in 
some of them the pulmonary S 3 TOptoms were the first to appear, followed 
in most cases by localization of lesions 

Regarding the occurrence of yeasts in Nature, Klocker^® says 

^^Hansen^s researches on the circulation of saccharomvcetes in Nature, 

»/ ^ 

and on the amount of microorganisms in the air at various seasons of 
the year, have led to the following results, very important to the brewer 
(1) Wind and insects are the most important means of transportation 
of yeast cells in Nature, especially the first (3) Dust clouds in the 
harvest months aie rich in strong yeast cells produced on sweet, ^uicy 
fiuits ” He desciibes saccharomycetes as ‘^single cell fungi in which 
vegetative increase takes place by budding and which develop endospores 
m their inteiior under ceitain conditions, sometimes they may form 
typical mycelium The various related species are grouped according 
to tlieir action on various sugars ” 

In a careful comparative study of other known cells, together with the 
yeast plants, Mutchler came to the following conclusions which he 
thought justifiable (1) Yeast-cells contain structural elements that 
are homologous with the structural elements of the cells of higher plants 
and with the known stractural elements of animal cells and with the 
structural elements of the bacteria and the cyanophycese as worked out 
by Butchle and also by Kumbler ( 2 ) The structural elements consist 
of four definite regions, aie found in both mature cells and in 
the growing buds and correspond to what is well known in the higher 
plants and in animal cells as cytoplasm, nuclear membrane, nucleus and 
nucleolus The structural elements may be demonstrated clearly by th(' 
four methods of differential staming discussed by him and are to be 
found in every yeast cell Emeison^® says that as the presence in thi 
sputum of certain pathogenic yeasts cannot be denied, in doubtful cases 
they should be looked for as a possible explanation of anomalous lung 
conditions Hektoen suggests further careful study of new cases both 
clinically and anatomically, and further observations in regard to the 
blood, especially to the number of leukocytes and differential counts 
B P DaviS“^ of Chicago has given valuable information in immunological 
leactions of oidiomycosis 

IS Hektoen, Ludvig Jour Am Med Assn, 1907, xliv, 1071 

19 Klocker “Fermentation organisms,” 1903 English translation of the 
German edition, p 248 

20 Emerson, Chas P Clinical Diagnosis, 1911 

21 DaMS, B F Jour Infect Dis , 1911, mu, 190 
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author’s observations OE a TEAST 

Dm mg moie than two yeais of elmical laboiatoij'- woik in Pomona 
I have encountered a yeast in fifteen individuals sent to me for laboiatoii 
diagnosis This oiganism I fiist discovered in a vaginal discharge Foui 
months latei I found similai oiganisms in the sputum of a child said to 
have tuberculosis, and again in a cultuie from the tonsil mcmbiane of 
a child supposed to be suffeiing fioin diphtheiia The fourth time I 
encountered this fungus was in the sputum of a patient v itli a pulmoiiaii 
lesion resembling lobai pneumonia in the early stage of lesolution In 
this case repeated examinations of the sputum failed to leveal any tubeicle 
bacilli and the tuberculm test was negative To asceitain vliat vas 
causing the symptoms I made cultures from the sputum and each time 
got a pure growth of an organism which I identified as a saccharomicete 
and which gave the same lesults culturally and with animal expeiimenta- 
tion as did the fungus found m the vaginal discharge m the fiist case 

After the above experience I made a routine practice of washing and 
eiammag culturally all sputa sent to the laboratory m whicli. aKei 
leneated examinations, I found no tnbeicle bacilli As a result I liaie 
discoxered a yeast organism in a uumbei of otbei patients nliicb coire- 
sponds morpliologically and culturally to those found in the pieceding 
cases At times the oiganism was found m pure culfuie, again m con- 
nection with a staphylococcus oi Utaococcm catavMhs, and twice it u as 
found mixed with tubercle bacilli, but in all cases the morphological a d 
cultural characteiistics were identical, and animal expeiiments wi-h the 

strams tested gave the same lesults 

organism lesembles the SacclmomyccB ccevwa’ 

Morpiwi yj but the lattei on all culture media 

both 

grows less profuse j a ^ouble-contouied capsule and contains fine 

blood-corpuscle, posses vacuoles Old cultures sliov 

granules and ‘‘'i J „f ^aeuoles, and numeious emph 

lessening P™''" ^^/n/apd possesses a nucleus which can be 
capsules It grows b} » 

demonstiated by special s o endospores but have made 

tendency to foim tliieads I haie lou 

no special cultuies foi cultuies tins oiganism slams 

Staining Propeitics I^ - positive It is not acid fast 

well Avith all oidinax} ^3^=^ l^est tieated with Wright’s 

Direct smears from pns or turn p purple and the iea=t 

blood stain, which colors he pus I red For 

organisms a dark blue, wJ T-^ccen’c and Leblanc's modification of 

staining the nnolens I have „,..ol. is given in 

Mueller’s method as used by ’ requires four dais but i= 

‘Tvlockers Fermentation Organisms Tim reqn 
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excellent for differential purposes It stains the nucleus a dark red and 
the cytoplasm a pale pink 

Cultural Ghai acteristics — On glucose and glycerin-agar slants there 
IS a profuse cieamy growth at 37 C in twelve to twenty-four hours On 
potato slants but a slight film in the same length of time It turns 
litous milk a full cieamy vhite in twent 3 -four hours with formation of 
a soft curd It grows vigorously on both plain and glucose bouillon, 
foiming a heavy sediment in the bottom of the tubes, and in the latter 
the appeal anee of foam on shaking There is a profuse growth on both 
plum and grape decoctions but no foam on shaking the tubes It does 
not liquefy gelatin, but growth appears along the line of the stab with 
loseate formation at the top Agar plates reveal white moist points in 
tvent}-four hours On all culture media there is but slight grovth at 
loom temperatuie The minimum temperature for visible growth of this 
organism is 18 C and the maximum temperature is 69 C It is devital- 
ized at 71 C for one hour Two-} ear-old cultures which were quire drj' 
were moistened with salt solution, and from them fresh culture media 
inoculated A faiily vigorous growth resulted Glucose is fermented, 
giving rise to alcohol and eaibon dioxid Growth oceuis in lactose, 
dextiose, raffinose, inulm and mannite in 2 per cent solution, though 
there is no evidence of feimentation On all culture media this oiganism 
gives rise to the characteristic odoi of 3 east Plates continually exposed 
in the laboratoiy reveal no giowth of this fungus 

Ammal Expeuvienfs — This organism is pathogenic for labbits, white 
rats, gumea-pigs and monkeys Subcutaneous injections produce slowly 
developing septic conditions from which the animals tend to recover if 
not injected too often Intraperitoneal injections produce in guinea-pigs 
and white lats a rapidly fatal septicemia, in rabbits and monkej-s within 
a few weeks rapid loss of weight and moie slowlj developmg septicemia 
In all animals within a few houis after intraperitoneal injections there is 
rapid breathing, high temperature and some leuljocytosis with slight 
increase of mononuclear cells Autopsies without exception reveal grajush 
miliary tubercles thicklj studding all internal organs, and peritoneal and 
peiicardial surfaces. Sections of these tubercles show masses of the yeast- 
cells, suriounded by leukocjtes, mostly polynuclears The organism vas 
recovered in pure cultuie from the heart’s blood, bile, peritoneal and 
pericardial fluids and the miliary’’ ’tubercles, and direct smears shoved 
full-giovn and budding yeast cells 

HISTORIES or CASES IN WIIICH THE ORGANISE! OCCURRED 

Case 1 — Plivsician, Dr Huntington, patient J H aged 11 The patient came 
under ob^eriatfon Dec 4, 1900 Dour months pienoush iilnle swinging on a 
rope she lost her hold and slid down to the knotted end leceiving injuries about 
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the external genitals When first seen the labia were red, smooth shimn<r and 

1 e, small whitish patches thickly covering the parts These lesions which °when 
The wfT’ external genitals, later invaded the vaginal tract 

treltVl'ff coalesced and formed a clinging membrane, and if not 

^eated frequent^ the underlying parts became highly inflamed and very sore 
When daily treatments were given, cultures showed feeble growth, but if three or 
^ur days elapsed between treatments, cultures yielded vigorous growth From 
December, 1909, until March, 1910, daily and often twice daily treatments were 
given From March until July laboratoiy examinations vere continued at inter- 
vals, but during this period there was no reappearance of the patches, or growth on 
culture media, although the parts remained red and shining In 'july the 
characteristic whitish patches were again observed on the inflamed parts and a 
culture taken revealed a profuse growth of the yeast in twelve hours It was a 
problem to find a solution of anything strong enough to affect the growth without 
irritating the mucous membrane Weak solutions of mercury chlorid, copper sul- 
phate, ichthyol and bone acid all caused pam Various powders proved inefficient 
Cleaning the parts with sterile water, using gentle friction, gave best results 
Douching the parts with sterile water without friction had no effect The patient 
had little systemic affection The cervical glands w'ere slightly enlarged, but 
there was no elevation of temperature, the patient gained in weight during the 
treatments Late in July the family removed to Oregon and two months later 
the father of the child reported that there was no further trouble 

Case 2 — ^Physician, Dr Toland, patient, a 4 year old son of Mrs T The 
mother in April, 1910, consulted Dr Toland about the child, who was coughing 
excessively This case had been pronounced tuberculosis by her former physician 
In the sputum sent to the laboratory for examination I found a yeast, but no 
tubeicle bacilli The mother left town soon afterward and the child was not 
heard from again until December, 1911 The cough was still present, but the 
child had improved physically 

Case 3— Physician, Dr Toland, patient, W M S, business man, aged 36 
The patient came under notice m 1910 with pharyngitis He had lost in weight 
slightly and feared tuberculosis The tuberculin test was negative, repeated 
examinations of sputum covering a period of several months failed to reveal 
tubercle bacilli Cultures from sputum yielded pure growth of a yeast The 
cough continued to be troublesome for more than a year but by November, 1911, 
it had entirely disappeared 

Case 4— Physician, Dr Savage, patient, a girl of 10 years, with a history of 
chronic enlargement of the tonsils for two years, which, when first seen, were 
soft and boiy, associated with acute inflammation of the entire throat and 
Tense yellowTSches confined to the tonsils From a detached piece of membrane 
S tribe laboratory a culture revealed a vigorous growth of a yeast but no 
Klebs Lffler bLiln While waiting for the laboratorv diagnosis antitoxin was 
Sven, buT the membrane continued to form and three weeks later intubation was 

performed^ The child ^ ^ ^ S, aged 50, a rancher 

Case o Physician, Dr » < ^^efore coming under notice 

Tlus first .n tot, WIO , str.skod sp.aum At II, s 

he had a severe cold ^ g^egts and a temperature of 102 F 

time of entrance to the hospita le ‘ ^ pneumonia undergoing 

At the base of the left lung were detected sign^^^ i.berciil.n test was negative, 
resolution The blood and urine Ig^no tubercle bacilli, but cultures 

and frequent examinations of the sP^tum reve. sodiiiin 

from the sputum resulted in a V^^\^Z lTmonTTs^mvtoms had ent.rch d,s 
lodid were given and within tvvo weeks hospital, and lasted for 

appeared Phlebitis of the left leg ,,,,, that there was no cough 

about three weeks Tlie patient reported, Jan lo "> worked hard 

or other pulmonarv symptoms The left leg swelled some wnen 
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Case G —Patient, M H , sei vant girl, aged 22 Tins patient was sent directly 
to the lahoiatoiy for a sputum examination by her employer, on account of a con- 
stant cough She had come to California dm mg the eaily summer on account of 
“catarrh” Her geneial health impioved but the cough persisted Kepeated 
examinations of sputum failed to reveal tubercle bacilli The tuberculin test was 
negative and the blood was noimal Cultures from the sputum yielded an almost 
pure growth of a yeast Her employer advised her to seek another position and 
she took service in a mountain lesort, but the high altitude did not agree with 
her and she went to Long Beach Information from her fiist employer in Novem- 
bei, 1911, was that she had entirely recovered 

Case 7 — ^Physician, Di Browning, patient, Mrs EDO, aged 35, married 
The patient came from Idaho to southein California on account of persistent 
cough which dated fiom an attack of bronchitis in March, 1910, from which time 
she complained of pressure over the chest and a difficulty in breathing She had 
a loose paroxysmal cough with a profuse mucopurulent expectoration which was 
discharged after violent effort There was a moderate degree of emaciation 
Temperature was 99 F , pulse 100 The appetite was good and the digestion fair 
The right side of the chest was normal, with dulness over entire left chest and 
especially pronounced over the third iib Sputum examinations at intervals of 
from tivo to four days from January until May, 1911, failed to reveal tubercle 
bacilli Tlie tuberculin test was negative Frequent cultures from the sputum 
always yielded a pure growth of a yeast and in a blood cultuie (bouillon) the 
same organism was found Autobacterins of the yeast were given at seven day 
intervals for six weeks, also various preparations of the lodids The patient gained 
in weight and improved markedly, and in cultures from the sputum the growth 
of the yeast organism gradually disappeared April 23 she took a long auto ride, 
during which she became ovei tired and thoroughly chilled This resulted in an 
elevation of temperature (104 F ) and great prostration, and thereafter tubercle 
bacilli were observed in eveiy specimen of sputum examined As soon as the 
patient was able to travel again she went east and died six months later 

Case 8 — Physician, Dr Davis, patient. Miss V H, aged 19, a student In 
June, 1909, this patient came under observation with a laryngitis which did not 
yield to treatment Examination of the lungs revealed a small area of infiltration, 
in which occasional moist rfiles were heard, just external to left sternoclavicular 
articulation The morning temperature ranged from 96 6 F to 100 2 F. After- 
noon temperature ranged from 101 F to 104 F There was a troublesome cough 
and a profuse expectoration, also gradual loss of weight and night sweats In 
November, 1909, a sputum examination revealed tubercle bacilli mixed with pus 
organisms Tuberculin was not given until December, 1910, from which time 
this treatment was continued until March, 1911, but the temperature remained 
high and the patient was losing ground At this time the sputum was sent to my 
laboratory with a view of having an autobactenn prepared for the mixed infec- 
tion Sputum examinations revealed very few tubercle bacilli Cultures reiealed 
a liixuiiant growth of a yeast, with Staphylococcus aureus The tuberculin -was 
discontinued and an autobactenn of the yeast organism given every seven days 
for SIX weeks The afternoon temperature gradually but steadily decreased but 
neier at any time became normal During the same time the yeast growth 
deci eased until there was scarcely anything visible on culture media in tuentv- 
four hoiiis The patient’s general health, however, did not improve and she died 
May 29, 1911 There was no autopsy 

Case 9 — ^Patient, Miss V B , school girl, aged 16 This patient was almost 
a constant companion of the 16-year old daughter of the patient. Case 7 She 
was sent directly to the laboratory by her mother for a sputum examination 
because of a constant, distressing cough A sputum examination revealed no 
tubercle bacilli and the tuberculin test was negative In a culture from the 
sputum pure grov th of a yeast resulted Potassium lodid, 10 grains three times 
daily, caused the cough to disappear entirely within a few week'’ 
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10 —Patient, Mrs E , seamstress, aged 51, mother of patient Case q 
developed a cough soon after the daughter All of the findings were exacHy a^s 

persistent and she was abliged to keep^up 

we entoeirweB^ “ 

patient, Mr C H A, clerk, aged 55 This 
patient had a chronic bronchitis for thirty years, but his general health was 
good up to five years previous to examination During the previous five years 
he had occasional fever and frequent attacks of hemoptysis, but never any marked 
loss of weight He had profuse fetid expectorations for the previous four years 
There were signs of chronic bronchitis in both lungs The fetor disappeared under 
sodium lodid, and creosote reduced the amount of expectoration In April, 1911, 
a blood examination was negative, a tuberculin test negative and there were no 
tubercle bacilli found A culture from the sputum revealed a yeast with Staphylo 
coccus alhus An autobacterin of the yeast organism caused an exacerbation of 
symptoms which alarmed the patient and the dose was not repeated Patient 
went east in May of the same year A few months later he reported that he was 
taking staphylococcus vaccine (stock) without impiovement This patient had 
frequent sputum examinations during the past five years and tubercle bacilli were 
never found An unidentified organism, however, had been reported once 


Case 12 — Physician, Dr Swindt, patient, Mrs J B P, aged 67 This 
patient had chronic cough for many years During the previous four years she 
suffered greatly from paroxysms resembling pertussis Her general health was 
good Both lungs showed signs of moderate bronchitis No tubercle bacilli, but 
pure culture of a yeast from the sputum The paroxysms w ere completely reliei ed 
and the cough reduced to a minimum in about three weeks by the use of sodium 
lodid in large doses 


Case 13 — Physician, Dr Garcelon, patient, W S, aged 47 This patient 
was in the hospital with typhoid fever, and in a culture from the feces, in con- 
nection with the typhoid bacilli, a yeast was found The patient died after a 
two months’ illness No autopsy As this yeast organism resembled all of the 
preceding ones morphologically and culturally, animal experiments were under 
taken with it, and the same results obtained as in the previous cases It was 


also identified as a saccharomycete 


Case 14 — ^Physicians, Dr Huntington, Dr Swindt, patient, Miss L T aged 
35 The patient came under observation in November, 1910 She had had 
arthritis deformans for ten years and the spine and large joints were stiff Four 
yeais previously she had appendicitis, but no operation Three years previoiislv 
she had pleurisy with effusion, followed by empyema and evacuation through the 
left bronchus Since then there had been a constant, profuse expectoration At 
inteivals of three to eight weeks there would be an enormous increase of this 
expectoration, when, in a short time, from 1 to 3 pints of stinking pus would 
evacuate through the bronchus, pouring througli nose and mouth and almost 
strangling the patient In February, 1911, a sputum examination revealed no 
tubercle bacilli, but a culture showed a yeast, together with Staphijlocuccus albtis 
and M catarrhalts Nov 7, 1911, a sputum examination gave the same results 
as ten months previously, but with an increase of the yeast organism Xhe 
tuberculin test was negative, there was some leukocytosis wath 82 per cent P®*'" 
nuclears The temperature ranged from subnormal to 103 F pulse from 90 to 
120, respiration from 18 to 26 A radiograph showed a shadow on the left side 
below the clavicle November 11 the seventh and eighth ribs on the left side 
were resected and over 3 pints of pus removed The lung was found in a small 
contracted mass high up in the cavity, with apparent communication with the 
bronchus The condition of the patient did not permit of decortication Tlie cough 
disappeared and the general condition immensely improved following the cvacua 
tion of pus In smears from the pus from the wound yeast organism® vrere found 
Culture fiom the pus revealed yeast organisms in almost pure growth An 
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agglutination test of the yeast with this patient’s serum, 1-40 and 1-50, was 
stiongly positive, while controls were negative An extract of yeast made for 
me in the Cuttei Laboratoiy, Berkeley, according to the technic for Koch's old 
tuheiculin, pioved slightly positive in a skin test, controls negative Autohac- 
teiins of the yeast weie begun a few weeks after the patient left the hospital and 
hei improvement has been uninterrupted 

Case 15 — ^Physician, Dr Kelly The patient. Miss A C , aged 15, school girl, 
had always been subject to “colds” She came under notice in December, 1911, 
with a severe cough The mother of the child said that cough and expectoration 
had been continuous for the previous three months There w'as some loss of 
weight and some anemia The temperature was 99 F , pulse 90 , blood examination 
showed hemoglobin 50 per cent , red blood-cells 80 per cent , no leukocytosis, poly- 
nuclears 83 per cent , tuberculin test negative An examination of the sputum 
eveiy day foi two weeks revealed no tubercle bacilli A culture from the sputum 
showed a vigorous giowth of a yeast with Staphylococcus aureus An agglutina- 
tion test w'lth the yeast was slightly positive, controls negative The patient 
lefused to have a skin test with the yeast extract Large doses of sodium lodid 
w^eie given 

The above histones are not complete, but abstracts as given me bj’’ 
the pbjTicians in tvhose service they occiiriecl 

NOTES ON CASES 

In few of the eases herein cited have we had oppoitiinity for caieful 
clinical study Only two of the patients were in the hospital at all and 
then for only a short time The organisms from Cases 1, 4, 5, 7, 8, 18, 
14 and 15 were emplo 3 ed in animal experiments with practically the same 
results In Case 1 we were not allowed to make a skin test or blood 
examinations, but the clinical picture was observed closely In taking 
smeais or cultures here, the parts were alwajs cleansed first with sterile 
water It was significant that with the disappearance of the yeast fungus 
in this case the trouble disappeared entirely Case 2 we had on oppor- 
tunity of observing Case 4 suggests cases cited by Hickey and Steinhaus 
in the literature, inasmuch as a tenacious membrane formed and 
reformed, and that there was an absence of the Klebs-Loifior bacillus 
As Case 5 was in the hospital I made frequent blood and sputum 
examinations, but at that time had not begun making the skin and agglu- 
tination tests with the yeast Howevei, the absence of an-^ organism 
except this fungus suggested the lodids There was no opportunit} to 
observe Case 6 after the laboratory analysis and it was only through the 
kindues'=5 of her first emplo'^er that we learned of her present condition 
In Cases 7 and 8 tubercle bacilli were found mixed with the yeast organ- 
isms, but it would seem to be a secondait invader in the former while 
piobabh" in the latter the tuberculous infection vas primar}' Both of 
these patients died but as there was no autopsi in either case theie can 
lie no definite knowledge regarding this It is however significant that 
both of these patients were benefited b\ autobacteiins and lodids The 
facts in Cases 9 and 10 suggest that this organism mav be tran=fcrred 
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fioin one peison to another The suspension of }east organisms piepared 
for Case 11 was kept at a temperature of 70 C for one hour, as the 
previous ones for Cases 7 and 8 had been, and as a twenty -foui -hour 
culture taken from tins emulsion was sterile, the dose was then given 
After forty-eight hours, however, the culture tube revealed a slight growth 
of j'Cast This undoubtedly accounted for the exaeeibation of his 
symptoms 

Case 12 was remarkable m that it was an unmixed infection of yeast, 
and that it was so quickly and entirely relieved by the lodids Case 13 
uas not observed with regard to the j^east organism found "We isolated 
and identified it simply because it resembled the organisms previously 
identified as saecharomyeetes We had more opportunity for careful 
study of Case 14, and the observations were fairlj’’ satisfactory The very 
positive agglutination test, the slightly positive skin reaction, together 
with the occurrence of the same organism in the pus from the wound that 
I had previously and repeatedly found in the sputnm, are suggestive of 
the pathogenicity of the saccharomycete in this case Case 15 had only 
begun to improve with the lodids when she began taking a patent medi- 
cine and was lost sight of In all of these cases the physicians have 
remaiked the unusual fetor and viscid charactei of the sputum and 
repeated attacks of ‘^colds ” 

The examination of the spntnm requires some care It should be 
washed in normal or tenth-normal sodium or potassium hjdrate, and 
cultures made from the parts resembling pus Smears should be tieated 
as described above If the sputum is to be examined unstained it should 
be covered with a normal solution of sodium or potassium hydrate, and 
allowed to stand for at least thirty minutes to dissolve the mucus The 
yeast cells being resistant to the action of the alkali can easily be found 
and are not confused with red blood-cells 

This report leaves much to be desired m the way of clinical 
observation of cases, and autopsy records in cases of death, also blood 
examinations, especially in cases in which the saccliarom 3 ^cete is the only 
organism found The complement deviation test should al=o be made 
in connection with the agglutination and skin tests Animals should be 
immunized and agglutination tests made with their sera 

Five other patients are still under observation in uhom a yeast has 
been found One is a child aged 4kk jears with repeated attacks of 
bronchitis followed by asthma It has been impossible thus far to secure 
a satisfactory specimen of sputum, as she swallows it, but a }east ha': 
been found in a blood culture (agar plate), also in a culture from the 
feces during one of her attacks of bronchitis, and her serum agglutinntes 
the 3 east organism A skin test has not 3 et been made An old Iad\ 
of 79 has had ulcers on parious parts of her bod 3 for eight months past 
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Yeast cells weie found in the pus from one of these ulceis and could 
easily he recognized both in unstained and stained specimens The 
remaining three patients have a severe cough, and a prominent feature is 
the profuse fetid expectoration and the frequent attacks of ‘‘cold ^ We 
are hoping for something more definite from the study of these cases 

SUMMAEY 

A jeast which has been identified as a saccharomycete has been 
observed in the sputum of a number of patients with anomalous lung 
conditions, , also in a tonsil membrane, a vaginal discharge and in pus 
from a skin abscess It was mixed with other organisms in most cases, 
but has been found as the onl}^ apparent cause of infection in a few 
patients in whom disappearance of the organism has been followed by 
alleviation and disappearance of the symptoms 

Autobacterins made from this yeast organism have seemed to cause 
some improvement in three eases and an exacerbation of s3^mptoms in one 
The most benefit has been derived from the use of the lodids in large 
doses An extract prepared from this saccharomycete gave a slight reac- 
tion in a skin test on two patients The serum of four patients gave a 
positive agglutination test for the yeast 
242 West Holt Avenue 



KOTE OE" «A CASE OF PAECREATIC DIABETES 
MELLITUS” BY HERMAN 0 MOSENTHAL ' 
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This report by Di MosentliaP contains a point ■n’liicli is not brought 
out in the description If the table uhieh gives the quantitative urinarj 
analysis be examined, it will be found that, on those days in uhich 
protein and fat weie given to the diabetic individual and carbohydiates 
iigidly excluded, tlie D N ratios weie respectively 3 75, 3 So and 3 44 
Thus on May 19, with a total excretion of 27 7 gm of nitiogen, the D N 
ratio was 3 75, and on Ma}* 24, with a total exeietion of nitrogen of 11 S 
gm , the D N ratio was 3 85 It is also noticeable that the ammonia 
excretion remains comparatively low on these dajs, 2 9 gm on one tlaj 
and 9 gm on the other day 

These conditions are veiy like those in the ease reported by Mandel 
and Lusk ^ At the time of then investigation, they termed the ratio 3 65 
the fatal ratio, a condition in which combustion of carbohydiates is 
essential Jy impossible Since clinicians in general have hesAated about 
withdrawing carbohydrate completely from the diet of diabetics, there 
aie few cases on record in which the results of Mandel and Lusk have 
been confirmed It appears, however, from this work of Dr Mosenthal 
that, if the ammonia excretion remains low — which, of itself, indicates 
that the acidosis is not high — then one maj^, duiing a short period at 
least, withdraw eaibohjdrate completely from the diet and determine the 
D N ratio without injury to the patient 

1 The Archives Int Med , 1912, j\, 339 

2 Deutsch Arch f klin Med, 1904, Ivxvi, 472 For further informntion 
consult Lusk, Jour Am Med Assn, 1904, xliii, 241, and 1910, Iv, 210o The 
Archives Iht Med, 1909, m, 1, Science of Nutrition 1909, p 299 



PELLAGRA IK ILLINOIS 

CONDENSED EEPOKT OF THE ILLINOIS PELLAGRA COJIMISSION '' 

In this repoit the lesults of the various investigations which have 
been undertaken, together with tliose lepoited to this Commission by 
other observers, have been incorporated in one article The material has 
been to some extent condensed and summarized in order to eliminate 
unnecessary details, which can be found by those interested in the detailed 
leport made to the Governor of Illinois This detailed report will be 
published shortly in the foim. of a monograph and copies sent to all 
impoitant libra lies in the United States 

At this point ive wish to expiess oui acknowledgments to those who 
have so materiallj helped in the compilation of this report by sending us 
personal communications They include Captains J F Siler and H G 
Nichols of the United States Aimv, detailed by the courtesy of Surgeon- 
General Wyman, on the request of Governor Charles S Deneen, to study 
pellagia in Illinois, Prof Stephen A Forbes, Entomologist to the State 
of Illinois, Dr J F Waugh of Chicago; Dr Arthur D Hirschf elder of 
Baltimore, and Dr Sidney D Wilgus, Supeimtendent of the Kankakee 
State Hospital We would also especially express our thanks for the 
unfailing courtesy and assistance of Di George A Zeller, Supeimtendent 
of the Peoria State Hospital, without which we should have been sorely 
handicapped. We have also received much assistance from other sources, 
and would mention especially Di J T Eooks, Mr A F Wussow, Mis 
Josephine (Keir) Allison, Miss Mattie A York, Dr L J Pollock and 
Dr C E Smith, who have peifoimed a gieat deal of the detailed woik 
on which this repoit is based 

I CURRENT VIEWS ON PELLAGRA 

There is no need in this repoit to enter extensively into the historv 
and geographical distribution of pellagia, since many excellent treatises 
<11 e available The disease was apparent^ first described by the Spanish 
phisieian Casal in 1735, although this vas not published until after liis 
death in 1762 The following paiagraph quoted from the monograph 
by the late Di J N Hjde of Chicago^ will sufficient]'^ indicate the wide 
distiibution of the disease 

*Dr Frank Billing? Pre^iclent Di H S Gnndlor 

Dr J L Greene, Vice-President Di Hon -ird T Ricketts 

Dr Oliver S Ormsbv, Secretary Dr H Douglas Singer 

Dr George W "V’ebster Di V' J StcNcal 

1 H}dp,"j N Pellagra and Some of its Problem? Am Jour Sc Tan 

7 1910 
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in 1771, is commonly reported as first to Ila^e given the 
name to the disease by winch to day it is most generally known, but in fact he 

PeS t people of Ins day "Morbus migo, 

Pf agra In the long list of authors who followed, from Strambia, Maizari, 
Alibert, Eayer and Raymond, to Lombroso, Sandwith, Babes and Sion, and Sir 
Patrick Manson, can be traced the progress of the disease in Europe from Spain 
to southern France, northern and central Italy, Corfu, upper Egypt and other 
parts of Africa, Austria, Servia, Bulgaria, Eoumania, Asia Minor, India, Mevico 
Barbadoes, and portions of North and South America ’ 


With regard to the etiology of pellagra niiineroiis views have been 
promiilgated and it is well to say that the members of tins commission 
entered on this study without prejudice or preconceived ideas with regard 
to the nature of the disease or its causation The plans on which the 
work has been organized have been aimed towards the consideration of 
all the manifold theories which have been evolved in order if possible, 
to nairow the lines of research into some more or less definite channel 
The great drawback of most of the work w^hicli has so fai been carried 
out, IS that the investigatoi has started with some hastily-formed hj^poth- 
esis, ba'jed on coincidences or chance observations which have not been 
'submitted to caieful scientific analysis He has then been only too willing 
to see and insist on the pellagrous nature of the most variable simptoins 
produced in lower animals as the result of experiments founded on such 
hj'pothesis 

One of the best critical reviews of previous work on pellagia will be 
found in the Progress Eeport of the British Commission for the Investi- 
gation of Pellagra, by Louis W Sambon^, especially in regard to the 
relation with maize Free use has been made of this article in compiling 
the following statements 

The various theories which have obtained may be subdivided under 
two mam headings (1) Those concerning maize or Indian corn, (2) 
those alleging other causative agents The supporters of the first group 
are commonly known as zeists and of the second as antizeists 

1 Theories which allege some causative relation between maize ana 
pellagra have been most widely accepted, but are gradually losing groun 
Tlie;y'^have been and still are almost universally believed in Italy where 
this disease is probably more prevalent than in any other part o le 
world Tins i<= largel}'^ due to the influence of Lombroso, by whom it was 
fiimly believed and widely expounded, with the result that the Italian 
government was led to promulgate laws dealing with the use and care o 
Indian corn In fact Sambon w ith considerable justice points out t la 
the Italians have been studying corn rather than pellagra 

Various authorities diffei in their views as to the nature of tie 
relationship between corn and pellagra Tliese views may be brief!) 
classed under tlie following headings 


2 Jour Tropical ]Mcd and Hyg, 1910, pp 271, 2S2, 303 and 310 
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(a) According to Liissana, Erua and others, Indian corn is deficient 
in or lacks some nutiient pimciple necessary for health, and pellagra 
results from a diet consisting too exclusively of maize 

As a corollary to this view should also be mentioned other conditions 
of malnutrition Pellagra is unquestionably a disease which occurs most 
frequently among the poorer and less well-fed classes, and some have 
legarded it as the direct result of insufficient food In most of the 
different theories malnutrition and defective h 3 'giene are given as con- 
tributory factors 

(b) Corn contains some toxic substance which, in individuals vho 
are especially susceptible for any reason, gives rise directly to pellagra 

(c) Maize undergoes some form of decomposition, as the result of 
the growth of bacteria, in the intestine of certain individuals The 
toxins resulting from this change give rise to pellagra 

As Will be observed, these theories deal with maize which is health}’’ in 

itself The following views concern maize which is damaged or spoiled 

m some wav 
%/ 

(d) That healthy maize is innocuous, but that at some stage in its 
preparation for consumption either in the ear, when stored oi after being 
cooked, it undergoes decomposition as the result of the growth of certain 
fungi Various molds and bacteria have been isolated and incriminated 
by different authors, e g, Pemcilhum glaucum (the commonest variety 
of mold), different varieties of Aspeigtllus, Sponsonuni mayd'is, UsUlago 
maydis (smut). Bacterium maydis. Bacillus pellogrce, etc It is supposed 
that toxins are produced in this process of decomposition winch, when 
absorbed, cause pellagra 

(р) That some one of these organisms, which are commonly found on 
molded or spoiled maize, and which may be eaten with it, directly 
invades the human body where it elaborates toxins causing pellagra 

2 The antizeist views regard the disease as a specific infection of the 
bodv with a parasitic organism either bacterial or protozoal in character 

(a) The causative agent is some bacterium of unknovn nature and 
habitat This view is obviousl} similar to that given under 1, (e). but 
diffeis in that it does not specify any relation to maize 

(b) An infection with some variety of ameba or other protozoon Tlie 
fiequency of concomitant amebiasis in pellagra has been emphasized bi 
many authors, notably Long m this country Alessandnni, in Itah, 
claims fo have found a filaiial infection of certain veils in pellagrous 
distiicts 

(с) That the disease is due to a protozoal infection of the blood 
stream in much the same mannei as malaria and tripanosoraiasis (sleepiiisr 
sickness) Tliese viev s are all based on supposed resemblances in tlic 
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epidemiology, endemicity, seasonal occuiienee, etc, to tliese diseases 
Some antliois have also iiiged in support of this view the results of 
icataent Sambos, who is one of the chief exponents of this mew, goes 
to the length of mciiminatmg some species of Stmultum (the Hack fiy 
sail - y 01 buffalo gnat) as being the agent which eanies the organism 
and bj biting the human host injects the piotozoa into man It should 
be stated that Sambon formulated this hypothesis even to the namintr of 
the cairier as the lesult of comparative reasoning before enteimg on'^his 
investigations The hypothesis is atti active and plausible m manj 
lespeets, but so fai lacks much moie evidence that simulia are the carriers 
tlian the fact that in many places simulia and jiellagra are found in the 
same localily 

Tlus list does not exhaust all the thories which diave been propounded 
but it covers the grounds that have been considered m the work carried 
out bi' this Commission 


II PELLAGRA IN ILLINOIS 

Pellagra ivas fiist recognized in the State of Illinois at the Cook 
County institution at Dunning about June, 1909 The diagnosis, fiist 
made by Di L J Pollock, was lepofted to Di W A Evans, Health 
Office! of Chicago, and was confiiined at his lequest by Passed Asst 
Surgeon C H Lavindei of the Public Health and Marine-Hospital 
Service in Julj Shortly aftei wards cases were recognized at the Peoria 
State Hospital and at the Elgin and Kankakee State hospitals The 
diagnosis once made, the managing officeis and medical staffs at Dunning 
and Peoria weie able to recall instances of exactly similar eruptions in the 
jiast although it was of couise impossible to gather any figuies winch 
could give any idea as to the actual number of cases W^e have theiefore 
thought it advisable to collect only those cases which have been definiteh 
diagnosed since July’’, 1909 It has been also thought wise to exclude all 
eases in which theie seemed to be any doubt as to diagnosis, although this 
will piobably’ resuH in an undei estimate of the actual numbers Anothei 
fact uhich will also tend to lendei the figuies smaller than they should 
be IS that at present the disease is still but little known by’^ the profession 
at large, and there aie undoubtedly cases ulnch are not recognized hot i 
inside and outside the state hospitals foi the insane Many attacks are 
probably of extremely’ mild character and are not accompanied by am, 

01 hut the most transient, constitutional symptoms and are consequen i 
not called to the attention of medical men It is possible also that errorj- 
in diagnosis may’ have the opposite effect of spelling the totals, as we 
have seen various shin diseases which have been diagnosed as pellagra, am 
until the medical profession becomes better acquainted uith the charac 
teristie features of the disease it will probably’ be impossible to get afa 
■nhich are absolutely reliable 
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With legal d to cases occuiimg outside the state and countj^ hospitals 
foi the insane, but little leliable information is available We have been 
able to collect a few ca^es, inainh’- thiough the kind offices of Di George 
A Zeller The State Board of Health has apparently no information 
on the subject 

The figures foi the numbei of eases in the different institutions, 
including those at the Cook County institutions at Dunning, have been 
furnished by the superintendents of each institution with the exception 
of Peoiia, where they are the result of data furnished by Dr Zeller and 
the hospital medical staff, by Captains Nichols and Silei and by personal 
observations at frequent mteivals by the members of this Commission 
During the height of the pellagra seasons all patients who have previously 
had attacks of the disease have been examined for evidences of recurrence 
and on several occasions all patients in the institution have been inspected 
Visits have also been made to suspects and others at the Jacksonville, 
Anna, Watertown and Elgin state hospitals 

Table 1 presents the total number of cases occur ring in the three 
periods, August, 1909, to January, 1910, January, 1910, to January, 
1911, and Januaij", 1911, to Sept 1, 1911, in so far as we have been able 
to collect them Eecuiient attacks in individuals recorded as pellagiins 
for the preceding periods are not included a second time, so that the 
figures represent the actual number of persons attacked 


VBLE 1 — Total Nujiber of Cases of Pellagka Occubring in Illinois Institutions 1909, 

1910 AND 1911 



1 1909 

I 1910 

I 1911 

1 'total 

Deadf 
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Mor- 
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1 

' F 

M 

F 

M 

F 

j\I 

F 
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1 

6 

0 

G 
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3 

7 
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2 

20 

4 

25 

13 

38 

12 
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0 
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1 

0 

0 

0 

1 

0 

1 

0 

00 
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0 

5 

0 

2 

*1 
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1 

11 

12 

5 

41 7 
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104 

^42 

*25 

5 

0 
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0 

0 

0 

0 

0 
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0 
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0 

0 

0 

; 0 

0 

0 

0 
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mining C I tT 

U 

14 


17 

G 

7 

38 

38 

7G 

30 
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5 

0 

G 


8 

G 

75 0 

sen hei e 

1 

1 




2 

2 

3 


G 

3 

50 0 

1 

Totals 

1 

90 

130 

GS 

50 

42 

1 

28 

200 

208 

408 

189 

40 3 


*One VTS ndnntted to the hospital vitli the disease fullv developed See Table 2 
,With the exception of those for Dunning the numbers gnen in this column include all 
paths 111 pellagiins whether immediately due to pellagra or not 

Tflhe figures furnished to the Commission for each year vrere totals onh It va=. 
oueier stated that the sexes -viere equally affected and hence the figures gneii for cacli 
ex h.iie been estimated by dniding the total bv two 
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It sliould be stated that at most of the institutions there hare been 
patients not included in the figures in this table, presenting some 
suspicious appearances not sufficient!}’’ definite in character to justify a 
positive diagnosis At Peoim, in 1909, there "were a number of such cases 
and we have a list of fort} -nine suspects in 1910 It is probable that 
some of them were pellagrous, whereas others certainly were not 

In Table 2 is given a list of the eases outside the hospitals for the 
insane concerning which we have been able to obtain definite information 
Dr Ormsby has kept careful watch on suspected cases at the Cook Count} 
Hospital and the diagnosis has been confirmed by him in all those 
instances recorded in the table Dor the sake of completeness there has 
also been added to this table a list of the eases which have been admitted 
to the hospitals for the insane with the disease already developed 


Table 2 — Pellagea Cases Ocoukbing Outside the Hospitals tor the Ihsake 


e j 

■ 

Occupation 

1 

Sex 1 County 

Town 

Urban or 
Rural 

Hospital 

Physician 

1 

30 

58 

44 

47 

40 

43 

50 

42 

37 

40 

60 

38 

46 

61 

Housewife 

Switchman 

Porter 

Laborer 

R R Agent 
Housew ork 
Liveryman ^ 

Upholsterer 
Housewife 
Laborer 

Bag picker 
Housewife 

F 

M 

M 

M 

M 

F 

M : 
M 

F 

M 

M 

F 

F 

M 

Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Cook 

Peoria 

Peoria 

Peoria 

Peoria 

Knox 

Vermilion 

Chicago 

Chicago 

Chicago 

Chicago 

Chicago 

Chicago ' 

Chicago 

Chicago 

Peoria 

Peoria 

Peoria 

Peoria 

Galesburg 

Danville 

C 

C 

C 

C 

C 

C i 
C 

C 

c 

c 

c 

c 

c 

Cook County 
Cook'County 

Cook County 

Cook County 

Cook County i 

Cook County 

Cook County 

Cook County 

Dispensary 

St Francis 

S Kith 

0 S Ormsby 
0 S Ormsby 
W A Pusev 
0 S Ormsby 
W A Puscy 
0 S Ormsby 
'S R Slnjinal 
J H Bacon 

J H Bacon 

J H Bacon 

E L Green 

J H Brvant 

C E Wilkinsi 


Cases admitted to the State Hospitals with the eruption present 


C 

91 

Hone 

M 

Henderson 

Poor farm 

P 

54 

None 

M 

Woodford 

Washburn 

3- 

42 

Baker 

F 

Mason 

Havana 


57 

Housew ork 

F 

Grundy 

Mazon 

3» 

63 

E R Foreman 

M 

Cook 

Chicago 

X 



F 

Carroll 

* 


R 

R 

R 

C 


Peoria S H 
Peoria S H 
Peoria S H 
Kankakee S H 
Kankakee S H 
WatertottTi S H 


’'U, OTty, K, Kural or small toivn, i!', ratal, it, itecu^eiu-u i \ D n 

1 Case 6 is recorded in detail in the section on clinical and pathologica s ii les asc , 


had lived in Mississippi hut no attacks had been observed while tj'cre pnnsccutne vears 

2 Cases 9 and 10 vvere sister and brother Case 9 had seven attacks in seven oon.ecutne .e 

3 Case 11 had an attack also in 1910 as well as in 1911 nf Jivninfoins and P 

4 Case 13 had removed to Galesbur 2 from Peoria three months before th 


ngs to the Peoria group of cases although no previous attack was known 
5 Case 14 lived in West Lebanon, Ind , and went to Danville for medical treatment 


He had 


aOS 1909 1910 and 1911 
0 Case D S , recorded in detail, in full report 
7 Ca=e .T V recorded in detail, p 102 

S Ihis man had had previous attacks in the Panama Canal i^one 
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It should further be mentioned that we have heard rumors of cases in 
Canton, Fulton County, and also in Henderson, Williamson and Rock 
Island counties 

The statistics relating to the Peoria State Hospital will be found in 
Tables 3, 4, 5 and 6 The first of these shows the average age, the number 
of cases arising in each decade of life and the relative numbers affected 
of the two sexes In Chart 1 is shown a curve representing the month 
in which attacks have started The date of onset has often been difficult 
to fix as it may be extremely insidious and accompanied by but few or no 
constitutional symptoms The patients furthermore do not complain of 


Table 3 — Analysis as to Age, Etc 



Average 

Age* 

Decade of Life 

Sex 

Total 

2nd 

cc 

1 


Cth 

-4-9 

!>• 

CO 1 

9th 

Males 

Females 


52 3 

n 

27 

il 

44 

42 

14 

3 

0 

73 

104 



57 1 

■■ 

9 


15 1 

20 1 

I 1 

3 

2 1 

42 

25 


1911 

55 1 

0 

1 

■ 

i 5 

3 : 

2 

0 

0 

5 

9 


Total 

53 7 

8 

37 

53 

64 

65 

i 

23 

1 

6 

1 

2 

120 

138 

i 

258 


* Youngest 22, oldest 93 Males are to females an the proportion 1 1 15 



Chart 1 — Cur>e represeenting the months in which the attacks started 


the eruption and often belittle its importance when it is called to their 
attention In man}' cases the} are so inaccessible as the result of dementia 
that direct examination is necessary in order to discover an% evidence at 
all The figures given in Chart 1 therefore cannot be regarded as cntireh 
accurate, but repiesent appioximately the months in vhich the disease 
appears to haie become acute The onset of recurrent attacks Ins been 
included in the figures given It mil be obser\ed that one case vas noted 
in Januar}, 1910, and another in rebniary, 1911 Both of these were 
recurrences in individuals who had had attacks m the preceding }e'’r 
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THE ARCHIVES OF IRTEREAL HEDIGIXE 


In laWe 4 me lecoided ffie nnmbei of jecmienees m patients „l,o 
have had toown pieyions attacks Occasionally it is found tl.at patients 
in whom a positive diagnosis is made are said to have had attacks n, 
pievious yeaiE, but these have m each instance been iccoided as new cases 
One of those given as a new case foi 1911 is said to have had an attack 
in the suminer of 1910 Fuitheimore, fom of the patients who iiiiques- 
tionabl}- had pellagia m 1909, showed two exaeeibations in 1910 irbidi 
have been leeorded, in order to avoid confusion, as only one lecuiience 
for each during that 3 ear 


TABLn 4 — ^Iable or Recobbexces 



New Cases 
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56 

5 

89 

3 
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4 
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Total 
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124 

14 

113 

1 

■ 

130 


‘Five of these aie now at Kankakee 
VThice of these have since died 
jTno of these have since died 


In Table 5 is shown the mortality at the Peoiia State Hospital It 
Will be noticed that in a verj' laige 2?ercentage death is lecoided as being 
directly due to pellagia Tins must certain!} be questioned for the leai 
1909, because at that time there was also an epidemic of amebic d3sentei\ 
many of the autopsies shoving amebic ulceration of the intestine in the 
walls of some of wlneli the amebie weie demonstiated b} Captains JTichols 
and Siler Two cases of livei abscess of t'^'pical character were also seen 
It has seemed impossible in man} cases to determine what v eight is to be 
assigned to pellagia as the 2iiimaiy cause of death and how mueli belongs 
to any othei coexisting disease It has theiefoie seemed adiisable to 
make no subdivision which could onl} be misleading In those case? 
lecoided as dvinaf fiom some othei cause there veie no active pellagioii^ 
S}inptoms 2nesent at the time of, 01 shortly befoie, death 

In discussing these tables attention inai fii't be dn acted to the cla's 
of individuals most affected In geneial it ina} be said that the dnfa=e 
IS espeeialli fiequent for some leason at piesent nnknovn amoiur the 
eliionic insane Host of the patients who liave =uilcred from pcllama 
liave belonged to the gioups of defeetnes senile dement- epileptic- and 
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the tenninal stages of dementia piaecox They have been for the most 
pait pooilj nomishod and in an enfeebled state of bodily health The 
total population of the Peoiia State Hospital duiing the great epidemic 
of 1909 was about 2,100, and of this number of patients we find at least 
SI pel cent shoued definite S 3 'mptoms of pellagia Yet duiing this 
period none of the employees suffeied fiom the disease in spite of the fact 
that the 3 weie exposed full} as much to the bites of insects and diew then 
food and watei suppl} fiom exactly the same souice as the patients This 
fieedom fiom pellagia on the pait of physicians, nurses, attendants and 
other employees has been absolute in all the institutions It is, fuither- 
moie, almost eeitain that some of these employees have been in a run- 
down state of health at some time during the seasons in winch pellagra 
was lampant 


3 ABLE 5 — ^jMOETALITY AT THE PEOBIA STATE HOSPITAL 



Pellagia 

Immedi 

Given as 
ate Cause 

Other Causes 

' 1 

Total 

Deaths 

Pei centage 
of Cases 

Xumbei 

1 Per tent 

Xumbei 
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1009 

89 
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21 1 

19 0 
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02 15 

1010 
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36 3 


16 42 

1011 

4 

wm 

0 

00 

■1 

28 57 

Total 

101 

i 

1 

78 9 

27 

21 1 , 

128 

49 61 


OTHER CAUSES OE DEATH 


Pulmonaiy tuberculosis 6 

Valvulai heart disease 4 

Pneumonia 4 

Epilepsy 2 

Ceiebral heinoiihage 2 

Ceiebial embolism 1 

Cbolccj slitis 2 

j^mebic dysenteiy 1 

Cnronic nephritis 1 

Senile gangrene 1 


Geneial parahsis of the insane 1 

Carcmonia uteri 1 

Accidental ^ 

27 

"While the geneial statement made above is true that the individuals 
hate been veahlv and ill-nouiished there are, however notable exception^ 
Some of the pellagrins have been apparently robust and well nouiished 
In this connecnon it may be of interest to refer to a patient seen In Dr. 
Olnci S Oimsbv m 1911 who doe« not figure in the tables given here, 
as the disease was conti acted in Kentucln and the patient came to 
Chicago onh foi medical advice This lad} was 44 ^ea^^ of aue native 
of :Maine but had lived in Kentucky for twelve vear= uhere slie wa= at 
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THE ARCHIVES OF lETERHAL MBDIGIEE 

the head of a college department of domestic science Her duties, there- 
fore, consisted of the teaching of hygiene as legards manasrement and 
dietary of the household She had had attacks of ^morning diarrhea” 
foi seveial sumineis and was subject to attacks of acute indigestion The 
fiist known attack of deimatitis occurred in October, 1910, but was lerj 
mild and without severe constitutional symptoms The second attack, 
in 1911, was much more severe and led her to come to Chicago for 
assistance When seen she presented an entirely characteri'stic skin 
eruption of pellagra involving the hands, arms, forearms and across the 
sternum, with sore mouth and diarrhea In spite of this she appealed to 
be in a good state of nutrition With such facts before us it is certainly 
difficult to understand the freedom of hospital employees 

Attention should be directed to the coexistence of intestinal parasitism 
with the larger outbreaks of pellagra at the Peoria State Hospital, 1909 
also saw an epidemic of amebic djsentery and we find that since that 
year pellagra has subsided very rapidly It is of course possible that the 
enormous fatality during 1909 may have removed most of the more 
susceptible individuals The question of the relation of protozoal infec- 
tion to pellagra is more fully discussed in later sections of this report 
The dietary of the state hospitals is also the subject of detailed studi 
latei It may, however, be mentioned here that the most notable point 
m the dietaries has been a deficiency of animal protein, and jet tlie 
institution feeding the smallest amount of meat, which forms the mam 
source of this material, has shown no pellagra 

A few words are available in regard to the habits of the patients 
which would expose them to biting by insects, etc In all institutions 
patients are out of doors as much as possible At Peoria probablj' the 
majority of the patients who have contracted pellagra have spent the 
time while out of doors, sitting on the porches of the buildings winch 
thej'^ leave only for a short time if at all So manj' have been more or 
less helpless dements that anj’’ more active outdoor life has been out of 
the question Otheis it is true have had the free run of the grounds 
It should be noted that this outdoor period of the day does not include 
the early morning and late evening, at which time blood-suckmg insects 
would be most prevalent Furthermore, manj attacks of pellagra have 
arisen in patients confined to the hospital waids, nho were not out of 
doois at all 

In this connection reference maj be made to the striking examp e 
quoted by Dr Hjde^ fiom the Elgin State Hospital Tlie patient a 
woman, had been bedridden for jears and occupied a room m common 
vith another in<=ane woman, also pellagrous The first patient occiipiw 
a bed at the farther extreme corner of an apartment lighted bi a =ina!o 
window The only light accessible for a long period prior to the advent 
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of the pellagrous disoidei was fninislied by this one window It is bnt 
fair to state that inquiries at the Elgin State Hospital failed to elicit 
the name of this patient, but the medical staff has changed since this 
observation was made (1909) The facts are substantiated, however, by 
Dr Ormsby, wdio was with Dr H 3 de on the occasion of the visit 

"With regard to insects such as fleas, bed-bugs and body-lice, it cannot 
be said that any institution is entirely free from them, but they certainly 
are not numerous in any of the hospitals where constant warfare is 
maintained against them 

Tire distribution of the eases in the different wards and buildings at 
tbe Peoiia State Hospital, built strictly on the cottage plan, revealed no 
special foci Cases apparently originated in all of them and w^ere not 
more common even in those cottages in which a large number were 
segregated for observation Furthermore, there were no differences in 
the dietary of the different wards wntli the exception of the hospital 
w^ards, all being supplied from tbe same kitchen. 

DISTRIBUTION 

As regards the distribution of pellagra throughout the state out'^ide 
the hospitals for the insane, we feel that the data are still too few to 
justify any conclusions It is certainly striking that the great majority 
of the ca<=es on which we have definite information have arisen in persons 
living and woiking in the two largest cities in the state, Chicago and 
Peoiia This is contrary to general experience in Italy and elsewhere 
Sambon states that pellagra does not occur in big cities and bases much 
of his leasoning as to Ihe relation with simulia on this point He claims 
that simulia do not enter largo cities or human habitations In this 
respect he is certainly wrong as regards some species, e g , S vemishim 
Sambon believes the disease to be almost confined to agricultural laborers 
and explains tbe few instances in wdiich city dwellers have been affected 
In occasional visits to the country Such reasoning is difficult to refute 
as most people occasionally go bejond the city limits There seems to 
be one possible explanation for the difference in the experience in this 
state as compared with that in Italy. The disease has only recently been 
recognized here and it is obvious that the country practitioner is likely 
to be the last to become infoimed concerning it Nevertheless there has 
been ^o much written in the lay, as well as the medical press concerning 
tbe disease that it seems hardly possible that the majority of the doctor^ 
throughout the country districts have not become acquainted with it= 
pre\alence and very striking and obMOuc characteristics A further fact 
IS also pertinent on thi^ point If, as is claimed by those most competent 
to judge, pellagra Icad*^ sooner or later to manifestations of mental 
disorder, surely the state hospitals would be recening more examph-' 
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Judging from the experience of Satnbon in Italy, if the disease ireie so 
much more common in agricultural communities than in laige cities, 
there should be several hundred pellagrins m the conntrjr distuets to 
balance the few we have been able to collect in Chicago and Peoria 
among persons who are strictly city dwelleis This point can onlj be 
determined by a careful investigation of the ruial population of the state, 
and seems to us a very proper sub 3 eet foi miestigation by the State 
Board of Health 

Until such investigations are made it would be unuise to attempt 
to state the probable number of pellagrins at present in the state of 
Illinois Our tables show that there has been a marked, deeiease in the 
number of fresh eases at the Peoria State Hospital, whereas at Elgin 
the}'’ have increased But another fact which must be regarded as dis- 
quieting IS that the numbers outside the state hospitals, while still ven 
small, are increasing It seems to us advisable that every effort should 
be made lo determine the actual numbeis at the eailiest possible date 
in order to be able adequately to deteimine the piogiess which the disease 
is making As a conseivative estimate we would say that since July, 
1909, when the disease was first recognized, theie have been 500 eases in 
this state 

Iir OniNICAL AND PATHOLOGICAL 

It has not been thought necessary to include in this report a detailed 
description of the various manifestations of pellagra, since man} excellent 
articles covering this ground have already been published b} vaiious 
authors ^ We propose to give only the results of our own observations, 
with brief descriptions of the mam characteristics With regard to 
pathological material we have been at a disadvantage in that it has been 
difficult to obtain necropsies on undoubted cases until within the past 
few mouths The microscopical examination of the nervous si stem is 
consequently yet fai fiom complete The cases on which the pathological 
examinations weie made are reported in some detail below and have been 
obtained from the following sources 

Case 1 was studied b}’ the courtesj of Dr W A Pusey at the Cook 
County Hospital, Case 2 fiom the Kankakee State Hospital, Cases o 4 
5 and 6 from the Elgin State Hospital, the autopsies with the exception 
of thiee being performed hi tlie medical officeis of that institution Case^ 

7 and 8 were from the Peoria State Hospital, the antops} m Ca=c / 
having been performed b^ Dr EIIis of that institution 

The clinical study' has been made on six cases transferred from the 
Peoria to the Kankakee State Hospital on cases arising m tlic latter 
hospital, together with material collected on frequent visits to Peoria 
Cuiancous System — ^In a study of more than two hundred pntioniy 
tlie manifestations exhibited on the skm were snfficientlv charnctcri'tie 
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to enable one to make a diagnosis of tbe geneial condition In general, 
the =>inptoms coiiesponded to tlie cases desciibed abroad, m Ita^ and 
otbei conntiies It can haidly be said, however, that the)' weie exhibited 
in the stages iihicli have aifificially been made in Eiiiopean cases 
Eatliei than being stages of disoidei they appealed to exliibit degrees 
of activity of the piocess The airangement of the lesions vas 
chaiacteiistic 

In the major poition of the eases the doisnm of the hands the 
Musts and some parts of the face neck oi scalp -vveie invohed The 
disease onl) occasionally involved the feet oi ankles, areas mIhcIi M'eie 
so often atlected in the European ease«: In a laige numbei, the lesions 
occnned on tbe arras and chest, in a smaller peicentage, the eais and 
othei parts of the body Mere involved In a very feiv, the inflammatoij 
piocess involved the palmar surface of the hands, and occasionally the 
eiiiption ivas generalized The peculiar collai desciibed abroad, while 
=:een heie occasional!}, M'as not common In the case of seveial Mmmen, 
cpiite a se^ele deimatitis occurred about the vulva and imolved the 
mncons membiaue of the vagina The lesions veie alMa}s symmetiieally 
placed and ran through a pietty tjpical course In the major portion, 
the distribution on the hands Mas as folloM^s a solid aiea extending 
ovei piactically the entiie dorsal suiface of the hand, mvohing the 
fingeis to the lomekles, also the Mri'^t on the extensor suiface for a 
distance of about tu'o inches In the latter aiea it M^ould freqnentl} 
sMeep aioiind and involve about tM’-o-thirds of the flexor surface then 
come to an abrupt ending This paiticulai gauntlet M^as interesting 
and occuiied fiequently 

In the most inodeiate degree of eijtliema, the process Ment through 
about the folloMing course Large maciilai lesions, light or dark led 
Mould appeal, M'hicli soon fused, foiming a patch of dermatitis almost 
identical in appeaiauce M^itli that caused h^ the sun Aftei a peiiod 
of flora seien to foiiiteen dais oi a little longer, desquamation Mould 
begin, at mIiicIi time a loiighened scaling suiface Mas presented Earh 
in the piocess, modeiate to marked SMelling Mas usualh piesent ISTo 
siibjectne sensations Mere complained ot That none Mas piesent Mas 
iiiaiiifest hi the absence of an}- signs of inteiference on the part of the 
jiatieiit In some patients, pigmentation occurred while in otheis 
aftei desquamation Mas complete, the area Mas lighter than formeil} 
In the more active cases, on the eiytheniatous base bullous lesions A\ould 
soon deielop Some of these were lei} laige After several dais thei 
Monld eiadiialh dry, leaiing a thickened, crusted epidermis Secondari 
pioeenic infection not infrequenth folloMed in the lesicular and bnllon- 
cases 111 mam the edema Mas sufficient to pioduce fis=ures to quite a 
maikcd extern The lesions uhethcr cnihematous or bullou=. mc'C 



asG 


THE ARCHIVES OF INTERNAL MBDICIXE 

always well aefined It was particularly uoticeable that after the bullous 
lesions had cleared the skin was somewhat thinner than formerly and 
there was no hyperpigmentation In the older patients, where the process 
was subacute, the areas presentel the appearance of a simple chrome 
dermatitis with marked hyperpigmentation The atrophy described in 
chronic cases in Europe was present to a slight degree only Loss of 
pigmentation did occur, but true cutaneous atrophy has been uncommon 
That sunlight played a part in producing or determining the location 
of lesions was demonstrated by having suspected patients wear fenes- 
trated gloves, when the eruption would be largely limited to the exposed 
surfaces We have, however, seen many patients exhibiting typical 
lesions occupjung the hands and other usual areas who were not exposed 
to the direct rays of the sun at any time Bedridden patients developed 
lesions in the same situation as those able to be out of doors That the 
cutaneous lesions resemble an ordinary sunburn was frequently empha- 
sized by reports of attendants stating that ceitain patients were suffering 
from sunburn, which on examination proved to be a pellagrous erythema 
The importance of the cutaneous symptoms is at present paramount, 
for without them a diagnosis can rarely be made It is probably true 
that the disease may occur without these symptoms, but in the present 
state of knowledge they are essential in arriving at correct conclusions 
Pathology — Cutaneous In a large number of sections studied, the 
general picture was that of an angio-neurotic process, and resembled 
to a marked extent that seen in multiform erithema. The most marked 
change ivas noticed in the superficial part of the conum, almost all 
infiltration occurring in the pars papillaris The specific findings are 
as follows With a low power, the stratum corneum was thickened, the 
stratum granulosum and rete practically normah The uppei poition 
of the conum showed inflammatory reaction, and the connective tissue 
appeared edematous With a high power the hj perkeratosis vas seen 
to be well marked Here and there, areas of parakeratosis were present, 
as evidenced by the presence of nuclei extending to the upper la}er of 
the stratum corneum Many pigment granules were present The rete 
was practically normal, except in places where its integrity uas interfered 
uith by infiltrating cells In the papillar}' laier cellular infiltration vas 
quite marked, particularly in the region of blood vessels Collagen and 
elastin were present, the former showing edematous changes The deeper 
parts of the conum were comparatively normal In parts of the papillar} 
lajer elastin was absent 

Erom a snney of these findings, no specific statement can be maic 
concerning tlie process No microorganisms were found That the 
process was moderately destructive, wa*; evidenced In tbe absence o 
certain structures As a whole, there appeared fo be a reaction on the 
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pait of the skm eithei to a local toxic irritant or an angio-ncui otic 
piocess inflnenced from a distant focns 

Gast] o-Intestinal System — The symptoms referable to this system 
■unquestionably stand next in importance to the skin lesions and aie 
present in a very laige propoition of all cases They seem to be especially 
marked in all more severe examples They cannot, however, be regarded 
as characteristic inasmuch as very similar manifestations are also met 
with in other disorders We would hesitate to base a diagnosis upon 
them in the absence of t3q)ical skm lesions 

The tongue becomes swelled and denuded, presenting a bright red 
appearance with, in severe eases, moie or less ulceration along its edges 
and on its under surface and the appearance of yellowish sloughs in these 
regions which bleed very easily The lips and cheeks, where they come 
in contact with the teeth, also show, in the more serious foims, a similar 
bleeding, sloughy appearance The whole condition presents features 
which are very similai to the aphthous stomatitis seen in othei debilitat- 
ing states, especially in children, but also in adults, as, foi example, in 
pemphigus The ulcers are always superficial and in the event of 
recovery heal without leaving scars This state of the mouth is often 
veiy painful and renders eating difficult In the slighter forms there 
is usually nothing more to be seen than a redness and smoothness of 
areas, especially at the tip and along the margins which has received 
fiom Sand'with the name of ^ffiald-tongue Scrapings from the slough- 
ing surface have not shown the presence of any mycelial growth 

Diarrhea has also been a veiy constant concomitant, being as a rule 
moie severe in those cases which terminate fatally In the milder cases 
close questioning may be necessary to find that there has been a loose- 
ness and excessive action of the bowels and we have in some been able 
to obtain no such evidence In this regard some attention must be paid 
to the class of patient with whom, in the mam, we have had to deal, a 
ela'?s of chionic dements fiom whom but little information can be 
obtained directly Nevertheless, it has appeared that in some there has 
been cither no change m the usual state of the bowels, or there has been 
even constipation The appetite may be preserved and m some cases it 
has even appeared to be excessive, especially m relation to the actual 
digestive capacity In more severe cases, however, appetite is poor. 

]\[cn{al and Nervous System — The clas'^ical descriptions of pellagra 
cne somevhat ^ague accounts of the sjmptoms due to involvement of 
the ner\ous system, especiall} in regard to the mental picture The 
material at our disposal is unfo^tunatel^ almost entireh un'^uited for a 
•^tudv of this question, since almost all cases have arisen in paticnt- 
alrcadi '^ufTcring from mental disorder and presentimr more or Ic— 
CMdcnce of intcrfcience uitli the projection cistern In moit instance- 
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the lecordfe of previous examination of tlie neivous si stem are almost 
entirely lacking and li is hence impossible to decide iibieb, if anj, of 
the present manifestations are due to pellagra In Cases 1 and 2 lecoided 
below, and anothei seen witli Di Baker of Peoria, iiliere pellagia 
oeciiiied in individuals previously liealthy, theie weie no eiidences'^of 
gross lesion of tlie nervous system except in the final stages The evair- 
geration of reflex did not appear to be moie than could be accounted foi 
by the condition of exhaustion In the final stages there have in many 
cases developed symptoms of central neuiitis, and this must unquestion- 
ably be regarded as north}’’ of more than passing mention It mil be 
discussed further in considering the couise of the disease 

With regaid to mental symptoms, ne can quote but tuo cases nhicli 
bear on the point In the first of these theie developed a psychosis of 
delirious chaiacter whicli appeared to run parallel to the physical mani- 
festations Besides this, there was an intensification of the queiulousness 
peeuliai to the personality of the patient together vuth some depression 
and iiritability In the second ease a typical manic-depiessive excite- 
ment arose shortly after the appearance of gasti o-intestmal symptoms 
which seems to have been the early manifestations of an attack of pellagia 
The scanty histoiy of this individual prioi to the onset uhich was mail- 
able, seemed to indicate that she had had peiiods of clepiession mth 
mutism and apath}, which would suggest the oceuirence of tiansient 
depressed phases of manic-depressive insanity Hence one is not justified 
in regal ding the manic excitement as a pictiue foimmg pait of tlie 
pellagia complex It is to be considered only as a personal type of 
reaction 

In Case 1, quoted below, the patient show’cd no mental s’^mptoms up 
to the time of her death beyond a change m disposition in winch she 
became moie depressed and irritable Tins may be consideicd as piob- 
ably adequate to her geneial condition of weakness and e's'haiistion 
Anothei case of inteiest in this connection is that «cen bv the covulesi 
of Di J H Bacon- in the city of Peoiia In a personal communication 
Hr Baker infoims us that this patient, who had seven attacks of pellagra 
in seven consecutive jeais had become more iriitable and dcpiessed eiei 
since the fiist attack in 1903, but tl^re wcie no more definite mental 
simptoms until the last and fatal attack in 1910 The depression then 
became more marked although still accompanied by insight During 
the last stages she also had episodic periods of appiehensive evcitement 
accompanied by sense falsifications and extreme lestlessne-s Tlic'e 
episodes occurred mostiv at night and w ere followed bv amnesia Dunne 
them she threatened suicide accused her daughter of immorahti am 

2 Bacon J H A Case of Pelhgn in Tlhnoi« Jour Am A'-n 

28 1010 p 1783 
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heard lobbeis ti 3 ing to bieak into the house Dining the inteivals she 
was depiessed and hopeless but wa=: able laigely to diiect the affaiis of 
hei household from hei bed 

Among indiMduals already insane there have been no definite changes 
produced by the onset of pellagra Some are reported as having been 
more restless and excited, others have seemed more depressed and iiiitable 
but in the vast majority the pellagra does not seem to have led to any 
change in the mental attitude of the patient 

Diom our personal experience we therefore do not feel justified in 
making any very definite statements regarding the nervous and mental 
symptoms of pellagra It has seemed that m the projection system there 
are no chaiacteiistic changes until the final stages when there is a great 
liability to the occurrence of central neuritis (In this relation the 
observation of increased sensitiveness of nerve trunks and muscles to 
piessuiOj made in Case 2 at the time of a generalized pellagrous eruption, 
IS of considerable interest in that it suggests that the neiie trunks aie 
susceptible to the pellagrous toxin whatever be its nature ) In regard 
to the associative sjstem of the brain, our observations uoiild suggest 
that there is a liability to the oceiiiienee of deliiia similar to those seen 
in other infective and toxic states Here reference ma) be made to the 
report of the Georgia State Sanitarium at Milledgeville for 1910 A 
large number of patients weie admitted to this institution suffering from 
pellagra with mental sjniptoins and it is interesting to note that the 
psvchoses presented are included in the infectn e-exhaustn e group vhieh 
contains the deliria due to bacterial and other organic toxins Apart 
from this acute condition, ivliich is to be regarded onlj* as a tjpe of 
reaction on the part of the brain to acute intoxication of any kind, 
there does not seem, in oiii limited experience, to be any ^^pellagioii': 
^insanity ” The change in disposition, which is not by anv means con- 
stant, IS veil Similar to that seen m othei chronic exhausting diseases 
such as tabes dorsalis and tuberculosis 

In 0111 opinion it still remains to be pioied that pellagra gnes ri=e 
to an 3 more chronic form of neiioiis oi mental disorder It does give 
ii«e to symptoms of acute intoxication of the nervous si stem such 
simptoms being not in am way characteristic of am particular toxin 
Fiiithermoie, like othei intoxications, it mai act as the evcitine: caii=e 
for the outbreak of acute p'sjchoses. such foi in'^tance as tho=e belongincr 
to the manic-depressive group, in individuals vlio are susceptible 

There is one further point which is also e=pecinllv worthy of emplia':i= 
although its explanation is still to bo foinicl Tlii= is the great su=ccpti- 
biliti of the chronic insane to pellagia The proportion of tlio=e afTeciC'l 
oiiicide the state and coiinti hospitals fm the insane to the inmate- 
ihe=e lU'^titutioii': !<= ccrtainD extremcD =mall in thi- 'taie men n 
nllovaiioe be made foi mam f‘iilurc== to recognize the (ii-t.i- 
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mTESTmAL BACTERIA A2fD RROTOZOA 

1 Badena—k very extensive study ot the mtestmal bacteria has 
been cained out, the results of which will be merely summarized heie 

Altogethei twenty-two stools from fourteen patients were examined 
as well as two samples taken fiom the intestinal canal post mortem m 
one of these fourteen eases Of the first ten specimens^ three, Nos 5, 
8 and r, were furnished by inmates of the Kankakee State Hospital who 
shou ed a suspicious pigmentation of the skin, but in all probability did 
not have pellagra, five. Nos 2, 3, 4, 6 and 9, were from pellagrins well 
on the road to recovery from an attack of the disease, which has not 
lecurred in them up to the present time, August, 1911, two specimens. 
Nos 1 and 10, were from pellagrins who had recently sutfered a veiy 
severe acute attack and in whom the skin lesions had practically disap- 
peared, although the patients still remained very weak and apparently 
about to die The other fourteen specimens seemed to be, as a whole, 
more nearly representative of the condition of the stools in pellagra Six 
of them. Nos 11, 12, 14, 16, 18 and 20, weie obtained at intervals 
from the same patient, W N, and during this tiirie the skin lesions 
evolved in such a way as to indicate an acute exacerbation of the disease, 
and the erythema appeared on a new area, the forehead, gradually 
extending downwaid over it, and finally, before the last specimen was 
obtained, the patient had lecovered Two specimens. Nos 15 and 21, 


were obtained from another patient, the first one during a recurrence 
of the skin eruption, and the second after all skin manifestations had 
disappeared One specimen. No 13, was obtained from a patient in 
whom the skin lesion bad persisted for months, indicating a chronic 
t 5 pe of the disease Two others. Nos 17 and 19, were obtained from 
patients soon after the recognition of a recurrence of the skin eruption 
Finally, the last three specimens were obtained from a fatal case in 
which the eruption had been present for three months, and nas very 
severe at the time One specimen, No 22, was a fluid stool obtained 
forty-one hours before the death of the patient, and the second. No 23, 
vas obtained from the cecum, and the third, No 24, from the ileum at 


the autopsy, twenty-one hours after the death of the patient 

In the complete report, the obsei rations have been recorded in detail 
These included the numerical and differential counts of the bacterial 
cells in tlie feces, quantitative plate cultures of the mixed fecal flora 
on aerobic litmus-lactose-agar, aerobic litmus-lactose-gelatin, aerobic 
blood-agar, anaerobic litmus-glucose-agai and anaerobic blood-agar, 
Veillon-tube separation cultures in glueose-agar, plate cultures of 1 e 
bacterial spores of the feces on aeiobic litmus-lactose-agar, anaerobic 
nlucose-agar and anaerobic blood-agar, fermentafion-tube cultures o ic 
mixed fecal flora in dextrose-broth, levulose-broth, lactose-bro i nnf 
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Among these 100 stiains only a few manifested any distinctly 
diSeient behavior toiiaid the seia of pellagiins as compared with the 
seia of normal individuals These weie Strains 14^ 35, 44 62 and 67 
and possibly 85 and 88 ' 

Following IS a biief descuption of the ehaiaeteiistics of the five 
stiains, 14, 35, 44, 63 and 67 

Strain 14 was deiived fiom a thin eolon}^ spieadmg beneath the 
surface, on an aeiobie blood-agai plate inoculated with unheated sus- 
pension of Specimen 11 This specimen was a wateiy stool passed bv 
the piatient W N eaily in an eiaceibation of definite pellagra The 
cnltuie was found to be impuie and was separated into two strains bi 
plating dtiiing Januaij^, 1911 The sham then designated as 14B gave 
the moie definite agglutination leaetions and was acceptea as the 
authentic Sham 14, the othei component being disiegaided The 
oigamsm was an actively motile bacillus, vaiying in thickness from 
1 0 micion to 1 8 mieions and in length fiom 3 1 micions to 8 1 mieions 
The ends vere rounded In gelatin stab culture it pioduced a funnel- 
shaped liquefaction In litmus-milk the reaction remained alkaline, 
the milk was slightly cuidled after four daj^s and the cuid dissolved to 
some extent aftemaid No gas was produced in broth containing dev 
tiose, levulose, lactose, maltose or saccharose Theie was no iiioduehon of 
indol in Dunham’s peptone-salt solution On agai slants the giowth wa^ 
nhite at first but latei became oiange in color 

The contaminating organism separated from the above strain by 
plating the original Sham 14, urns designated as Sham 14A In its 
various chaiacteis it agreed closely with B coli 

Sham 35 yvas derived from a colony on the aerobic blood-agar plates 
inoculated rvith unlreated suspension of Specimen 14 This stool yvas 
passed bj a pellagim shoyving active eijdhema on tire hands, but the 
usual precautions against the contamination of the stool yvere not earned 
out The oiganisnr was an actively motile bacillus of about the same 
size as B coli In gelatin stab cultuie it pioduced a funnel-shaped 
liquefaction In litinus-milk the reaction remained alkalme but theie 
y\as slight coagulation after four days Ho gas yvas produced m bioth 
containing dextrose, levulose, lactose, maltose or saccharose, and indol 
yyas not pioduced in Dunham’s peptone-salt solution Pigment uaa not 
obsened in the eultuie of this stiaiu, so that it differed from Strain 14 
in tins respect 

Strain 44 uas derived from a colon} on tlie aerobic plates of Iitnius- 
lactose-agai inoculated uith unheated suspension of Specimen 17 Thn 
stool was passed by a pellagrin chowing a subacute, active erythema on 
the hands The organism was an actively motile bacillus xesembhnir 
B coll m size and shape In gelatin stab culture there was no lique- 
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faction, but gas bubbles weie seen in the gelatin after tliiee clays Litiiius- 
milk was lendeied acid m tuenty-foui houis and coagulated in foit}- 
eiglit houis No subsequent digestion of the clot was obseiced Gas 
uas inoduced in fei mentation-tube cultuies in bioth containing vaiious 
sugais as follows Dextiose, 95 pei cent gas in the closed aim levulose, 
45 pel cent , lactose, 40 pei cent , maltose, 62 pei cent , sacchaiose, none 
Cultuies 111 Dunham’s peptone-salt solution gave a pionounced positive 
leaction to the test foi iiiclol Pigment was not obseived in the cultuies 
of this stiaiii 

Stiaiii 62 was deiived fiom a colony on the anaeiobic plates of glucose- 
agai inoculated with unheated suspension of Specimen 19 This stool 
was passed by a pellagiin ivith definite active pellagious eiythema on the 
hands, which had been noted fiist about tliiee weeks befoie The oiganism 
was a gianulai bacillus appealing somewhat laigei than B coli, some of 
the lods being veiy long Most of the colonies on the set of glucose-agai 
plates weie composed of similai bacilli In gelatin stab cultuie theie 
vas no liquefaction, and gas bubbles weie obseived aftei eleven da-^s 
Litmus-milk was acidified in tuenty-foui houis and coagulated in foit}- 
eight houis Theie vas no subsequent digestion of the casein In fei- 
mentation-tube cultuies in bioth containing vaiious sugais, gas wa= 
piocluced as follows Dextiose, 45 pei cent , levulose, 45 pei cent , 
lactose, 45 pei cent , maltose, 50 pei cent , sacchaiose, none Indol was 
pioduced in Dunham’s peptone-salt solution A slightl) led pigment 
was obseived in some of the cultuies of this bacillus 

Stiaiii 67 w^as deiived fiom a colony on the aeiobic blood-agai plates 
inoculated wuth uuheated suspension of the same Specimen 19 The 
oiganism ivas an actively motile bacillus wutli lounded ends, about 4 
micions long by 1 -1 micious thick on the aveiage Vaiiatioiis m length 
between 2 4 and 6 2 micions and in thickness between 1 0 and 1 6 micions 
w'eie obseived The flagella w^eie peiitiichous and appaieiitl} iiumbeied 
fiom foui to ten for each cell (this point was not satisfactoiil} ascci- 
tained) In gelatin stab cultuies, it pioduced a funnel-shaped lique- 
faction lesembliiig closely that pioduced by Stiain 14 and Stiam 35 
In litmus-milk the leaction lemained alkaline but theie was slight 
coagulation altei ioui dajs and some digestion of the casein appaient 
at this time but moie definite subsequenth No gas was pioduced in 
feinientation-iube cultuies of bioth containing dextiose, le\ul(3se, lacto-e, 
maltose oi sacchaiose No ludol could be detected in cultures giown in 
Dunham’s peptone-salt solution Fiesh agai cultuies weie colork", 
but latei bceaine oiauge in eoloi This stiain coi responded in ils lariou- 
characteis lei} closeh to Stiain 14 and, except for the pigment, it aL-o 
agreed well with Strain 35 
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Table D Sejimaby of Results of Agglutination Tests Pbevious to 

July, 1911 



Positive Results j 

Negative Results 

Strains 

Strains 


14 

35 

44 

62 

1 

1 G7 

1 j 

1 14 j 

35 

44 j 

03 j 

67 


SEBA OF NORMAL INDIVIDUALS 


Kerr . 

0 j 

0 i 

0 

0 

0 

4 

1 

3 

3 

3 

MacNeal 

0 

0 

1 

1 

0 

5 

1 

9 ' 

2 

5 

Gmnea-pig 

0 

1 

0 

0 

0 

2 

0 

2 

3 

o 

t> 

Total 

: 0 

1 

1 

1 

0 

11 

2 

7 

1 

8 



SERA OF INSANE PATIENTS, NOT PELLAGRINS 


M L 

1 

■ 

■ 

■ 

M 

B N 

1 

■ 


■ 


Total 

2 

■ 

■ 

■ 

i 


0 

0 

0 


0 

0 

0 


SEBA OP PELLAGRINS 



In Table 9 are given in summary the results of agglutination teats 
on these five bacterial strains with tlie sera of pellagrins and various 
controls which were made prior to July, 1911, and the total number of 
positive and negative tests on the different classes of sera are seen to 
be as follows 


Strain 14 


Strain 3o 


Strain 44 


Strain G2 


Strain 0" 


Normal Controls 
Insane Controls 
Pellagrins 


0 

2 

IS 


11 

0 

a 


+ 


+ 

1 

7 


+ 

1 

S 


+ 

0 
} 

C I 20 


11 

0 

I 
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Taule 10 — SuMiiABY or Results of Agglutination Tests on Stbain G7 
Dubing July and August, 1911 


SEa.v oi ue:.vltuy individuals 


Individual 

Residence 

Remark 

j 

Posi- 

tive 

Results 

Nega- 

tive 

Results 

MacNeal 

] 

Urbana 


0 

16^ 

York 

Urbana 


15 

0 

H E 

Urbana 


3 

0 

H D 



0 

3 

M y (C) 



0 

2" 

M y (K) 

Kankakee 


1 

0 

Monkey 248 

Kankakee 


0 

1- 

Monkey 290 

Kankakee 


0 

1== 

Total 



19 

23 


sebum of monkey ted on cultubes of stbain 67 


I 


Monkey 79 

Kankakee 


2 

0 

« 

SEBA OF PATIENTS NOT PELLAGBINS 



B R 

Kankakee 

Insane 

0 

1 

M R 

Kankakee 

Insane 

0 

1 

W L 

Kankakee 


1 

0 

P N 

Kankakee 

Insane 

1 

0 

W D 

Kankakee 

Insane 

0 

P 

P L 

Kankakee 


1 

0 

J S 

Kankakee 


1 

0 

A A 

Chicago 

Sane, syphilis 

0 

1 

R Y 

Chicago 

Sane, syphilis 

0 

1 

B I 

Chicago 

Sane, syphilis 

1 

0 

L S 

Chicago 

Sane, sjphilis 

0 

1 

C K 

Chicago 

Sane, syphilis 

0 

1 

0 Y 

Chicago 

Sane, typhoid 

1 

0 

G I 

Chicago 

Sane, pneumonia 

2 

0 

Total 



8 

7 


seba of pellagbins 


A D 

Chicago 



0 

C C H 

Chicago 



0 

D Y 

Chicago 



0 

G M 

Chicago 

Sane 


3’ 

T R 

Chicago 

Sane 


0 

G S 

Chicago 

Sane 


1 

:m G 

Peoria 

Insane 


0 

D E 

Peoria 

Insane 

0 

2 

S K 

Peoria 

Insane 


0 

P Y 

Peoria 

Insane 


0 

B N 

Peoria 

Insane 


0 

C N 

Peoria 

Insane 


0 

B R 

Kankakee 

Insane 

0 

OS 

S E 

Kankakee 

Insane* 

0 

o 

M K 

Kankakee 

Insane 

G 

0 

Total 




10 


1 Four of these eeere slight agglutinations 

2 All of these ^\ere slight agglutinations 

3 Two of these were slight agglutinations 

4 Diagnosis of pellagra doubtful 
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THE ABOHIVES OF INTERNAL MEDICINE 

These tests directed attention paiticulaily to Strains 14, 35 and 67, 
and especially to the last one 

In Table 10 is a similar stimmaiy of the results of the agglutination 
tests ^n Strain 67 with various sera, performed during July and Auo-ust 
1911 “ 

These results tend to bieak down the evidence suggesting that these 
bacterial strains hear a special relation to the disease pellagra, by show- 
ing that positive agglutination of them is frequently brought about by the 
sera of normal individuals and that the sera of pellagrins sometimes fail 
to produce this result Some of these results, however, did support, in 
a way, the earlier evidence, especially the positive agglutinations of 
Strain 67 produced by the serum of every one of the acute tjqncal eases 
of pellagra in sane individuals in the Cook County Hospital 

In the complete report the observations are set down in detail with- 
out any attempt to discuss the data It is quite evident from a con- 
sideration of them that further experimental work is necessary before 
it will be possible to draw any important conclusions concerning ques- 
tions in this field The following conclusions are, at any rate, suggested 
b} the observations and may be set down here in a tentative way 

1 In pellagra, especially in the acute attack, there are marked 
changes in the fecal flora as compared with the normal Eelative diminu- 
tion in the number of bacterial cells per milligram of feces is frequently 
very great The numerical relations of the different t 3 q)es of bacteria 
normally seen in the feces are disturbed, and in addition several new 
forms, more or less heterogeneous in nature, appear Protozoa amebas 
and flagellates are frequently present 

2 In cultures from the feces of pellagrins, various departures from 
normal relationships of the fecal bacteria are frequent, and many forms 
of bacteria occur which are not found in cultures of fecal bacteria of 
healthy men 

3 Three bacterial strains derived from three different cases reacted 
to agglutination tests with sera of pellagrins in a manner somewhat 
suggestive These strains, 14, 35 and 67, were all derived from pella- 
grins at Peoria, but they were agglutmated by sera of pellagiins at 
Kankakee and at Chicago as well as sera of patients at Peoria This 
somewhat suggestive evidence of a relationship to pellagra is refuted 
or veiy much weakened by the fact that these bacteria were also 
agglutinated by the sera of insane persons free from pellagra at Peoria 
and at Kanlcakee, and by the sera of apparentl} normal persons at 
Kankakee, at Chicago and at Hibana Preliminary cultural investiga- 
tion has suggested that two of these strams (14 and 67) are proba Ij 
identical in nature, and that perhaps the other strain (35) is a close v 
related variety of the same species They do not belong in the co t 
group 
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4 Other bacterial stiains -wliieh showed suggestive agglutination 
lelations were all non-liquefjing, gas-forming bacteria, probably closely 
1 elated to B coh 

2 Pioiozoa 

PEORIA 

1 Protozoal infection among fifty non-pellagious patients 

Nuinbei showing entamebas (26), 52 per cent 
Number showing flagellates (30), 60 per cent 

Of these fifty patients, eleven piesented a definite and eleai-cut clinical 
pictme of amebic dysentery Entamebas were demonstiated in 73 per 
cent of these eases giving clinaeal evidence of dysentery, and in one 
case an amebic abscess of the liver was found at necropsy 

2 Protozoal infection among twenty-one pellagious patients 

Number showing entamebas (16), 76 pel cent 
Number showing flagellates (16), 76 per cent 

A further analysis of these statistics and comparison with clinical 
symptoms exhibited by each patient demonstiated the fact that of the 
twenty-one pellagious patients five were sufiermg with djsentery resem- 
bling in all respects amebic dysenteiy Entamebas were piesent in all 
five eases Of the lemaining sixteen cases, six presented diairheic symp- 
toms, and m five of the cases suffeiing from diarihea entamebas were 
present The remaining ten cases gave no evidence of either diarihea 
or dysentery, but in six of these cases entamebas were present in the 
stools 

An attempt was made to classify the species of entamebas found in 
the patients at Peoiia The examination of fresh preparations was the 
routine method for all cases, but in many instances staining methods 
were used The staining methods adopted were the following poly- 
chrome stains (Leishman’s, Wright’s, MacNeal’s, and Giemsa’s) and 
the iron hematoxylin method of Heidenhain It was possible definitely 
to establish the fact that at least three and probably four species of 
entamebas were present 

Entamoiba Imtolyiica was found in four cases 

Eniammba coh was present in a number of cases 

Entamceba teiragena An entameba lesembling in all respects the 
published discriptions of E tetiagena was found in some eases. 

A number of pieparations stained with polychrome stains and iron 
hematoxylin, and mateiial containing encysted entamebas, were for- 
waided to Captain C E Ciaig, Medical Corps, TJ S A, foi an expies- 
sion of opinion. Captain Craig lepoited finding E coh, E liystolyhca 
and E teiragena, thus confirming the findings of Captains Siler and 
hTiehols 
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TEE ABCEIYBS OP INTERNAL MEDICINE 

It IS quite evident that the most common form of dysentery at the 
Peoria State Hospital ivas due to amebas, for the following leasons 
The typical clinical symptoms of emebic infection were present, patho- 
genic entamebas were present in the stools, and in many of the cases going 
to autopsy amebic ulceration or folliculitis was noted 

The flagellates found at Peoria were mainly Trichomonas xntesiindlis 

A statistical study of protozoal infection of the intestinal canal was 
undertaken among the patients (practically all non-pellagrous) at Kan- 
kakee and Dunning, without reference to the presence or absence of 
diarrhea or dysentery The following results were obtained* 

KANKAEEE 

Examination of sixty-two patients 

Number showing entamebas (36), 56 per cent 

Number showing flagellates (48), 77 per cent 

Ho attempt was made to classify the types of entamebas encountered 
The flagellates were, in the large majority of eases, Tnchomonas 
xniestmalis 

DUNNING 

Examination of fifty patients 

Number showing entamebas, 46 per cent 

Number showing flagellates, 32 per cent 

At this institution, also, our time was limited and no attempt was 
made to classify the types of entamebas In most instances, the organisms 
were ‘^resting’’ or encysted The flagellates were Trichomonas iniesiinahs 

The presence of entamebas and other protozoa, pointed out by 
Nichols and Siler in 1909, has since been exploited by several writers, 
notably Long, who carries his views to the extreme of consider ing pellagra 
a complication of amebic dysentery We could find no support for such 
a view in our results at Peoria 

Careful stool examinations were also made of the patients occupying 
two cottages in which experimental corn and corn-free diets were insti- 
tuted and carried out for a period of one yeai A summary of the results 
of these examinations is as follows* 





Cases of 

Cases of 


Number 

Cases 

Pellagra 

Pellagra 


of 

Showing 

Showing 

Without 


Patients 

Amebas j 

*imebas 

i 

Amehis 

Corn diet 1 

! 

59 j 

7 

1 

1 

3 

0 

Corn free diet 1 

5S 

0 

1 0 
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To add. light relative to the extent of protozoal infection in the state 
hospital at Kankakee, Dr J T Eooks examined a group of patients on 
admission and again at a later date This study was made for the 
puipose of determining whether the infection took place after admission, 
and whether or not these organisms were pathogenic Only a summaiy 
of Dr Eooks’ woik is here appended 


TABLE 11 — Protozoal Infections at Kankakee 



Xo of Cases 

Amcbffi Present 

Flagellates 

Amebas and 
Flagellates 

Active 

Encj'sted 

Total 

Per cent 

lotal 

Pei cent 


181 1 
104 

1 

19 1 
21 

9 

21 

15 5 

20 2 

27 

23 

14 9 
22-1 

7 

7 


Of the twent 5 ^-eight showing amebas at the first examination, only 
eleven were available for the later investigation and in these amebas were 
found only in three cases At the second examination, amebas were 
found in eighteen cases which had previously given negative results It 
should also be noted that where amebas and flagellates were found 
together these cases have been included also in the totals for the two 
types of organism given separately 

Attention was also paid to the relationship between the presence of 
amebas at the first examination and the action of the bowels, the results 
being given below in percentages 


Xo of 

Cases 

Normal 

Stools 

Diarrhea 

1 

Consti- 

pation 

Alternating 
Diarrhea 
and Consti- 
pation 

28 

1 

75 0 

10 7 

71 

7 1 


The following; conclusions, therefore, seem to be justified 
1 Of 181 recently admitted cases, 15 5 per cent showed amebas in 
the stools, which apparently belonged to the group described as E 
tetiageria 

3 One hundred and four of these cases re-examined later showed 
30 3 per cent of amebas 
























archives op internal medicine 

3 The percentage of infected indmduals apparently increased rvith 
the teiin of residence in the Kankakee State Hospital 

4 In all probability the majority of these oiganisms are 
non-pathogenic 

BLOOD 

Eesnlts of blood esaminations in pellagra have been published by 
many diffeient authois without the demonstration of any changes which 
aie in any way constant or characteristic Points which have chiefly 
been emphasized in regard to the cytology are the oecuirence of a high 


Table 12 — ^Results op Blood Examutations 



Age 

Yis m Hospital 

Red Cells 
per cmm 

Hemoglobin 
in gm pel cent 

0) 

a 

M 

O 

O 

Q 

03 

"o S 

a 

o o 

fS a> 

Per Cent 

S ai 
O 73 

'^'Ei 

S 2 
a-g 

o Ir 

03 

O 

& 

o 

— 

»— t 2 

EX 

S 

03 

o 

o 

o 

CJ ? 

. 

Mononucleai 

Leukocytes 

Tiansitional 

Cells 

03 

s 

o 

w 

W H 

62 

8 

4,248,000 

13 44 

H 


39 8 

12 6 

IH 

■ 

HI 

40 

W S 

44 

19 

4,696,000 

16 86 

MWi 


65 2 

10 4 

112 

92 

16 

2 2 

C S 

56 

19 

4,845,000 

15 88 

BS 

Blilbifil 

59 0 

18 8 

94 

68 

22 

28 

L E 

45 

24 

5,442,000 

17 3 

113 

8 250 

55 8 

15 2 

14 4 

58 

16 

70 

J H 

50 

12 

5,836,000 

16 8 

102 

11,380 

60 0 

14 8 

11 6 

98 

1 0 

20 


s s 

52 

19 

5,036,000 

13 92 

0 08 

8,120 

63 8 

14 8 


80 

1 8 

12 


C H 

60 

39 

4,800,000 

13 92 

1 03 

12 200 

54 0 

13 6 

12 2 

17 2 

18 

20 


A S 

46 

26 

2,566,000 

10 26 

1 11 

10,400 

66 4 

17 0 

11 6 

1 0 

04 

12 


B S 

68 

8 

4,936,000 

12 96 

0 94 

7,280 

62 6 

12 2 


10 6 

1 2 

18 


W V 

39 

12 

6,016,000 

16 8 

100 

10,640 

56 0 

14 4 

68 

114 

20 

88 


D N 

72 

25 

4,640,000 

14 40 

1 04 

7,440 

58 2 

12 0 

80 

114 

30 

60 


J S 

45 

25 

4,816,000 

12 44 

0 91 

10 840 

03 2 

10 2 

76 

10 0 

14 

72 


J D 

55 

18 

4,528,000 

11 04 

0 87 

13,800 

65 2 

114 

76 

10 4 

34 

1 4 


B S 

62 

12 

5 848,000 

14 40 

0 88 

6,800 

73 8 

80 


80 

32 

i s 


S L 

38 


6,288,000 

15 36 

0 85 

11,440 

78 2 

64 

38 

30 

40 

32 


c c 

36 


4 220,000 

12 44 

1 06 

12,960 

75 0 

90 

44 

70 

28 

1 2 


B M 

50 


4,696,000 

13 92 

105 

13,700 

714 

98 

60 

02 

40 

2 0 


A B 

43 


4 116,000 

12 00 

1 04 

8,380 

07 6 

11 6 

78 

60 

5 8 

0 4 


L P 

23 


4,880,000 

12 44 

0 91 

8,160 

50 0 

11 0 


18 6 

94 

3 4 


H H 

63 


4,496,000 

11 52 

0 94 

10,720 

76 8 

62 


C 5 

38 

2 (5 


E L 

74 

1 

4,352,000 

11 52 

0 94 

13,120 

57 0 

22 0 

30 

9 6 

0 0 

1 8 


L M 

52 

14 

4,992,000 

12 96 

0 92 

0,200 

05 0 

13 8 

72 

8 0 

28 

2 1 


M D 

46 

18 

4,328,000 

11 04 

0 91 

15,000 

50 0 

10 4 

mmi 

20 4 

00 

1 0 


A K 

44 

9 

5,048,000 

13 92 

0 98 

12,140 

70 2 

11 0 

mI 

/ "J- 

1 2 

1 8 


0 L 

66 

1 

2 

6,080,000 

12 00 

0 71 

7,860 

41 6 

18 8 

B 

10 4 

0 0 

7 0 


A\eiage 

■ 


m 

■ 

m 

■ 

01 7 

D 

m 

10 2 

1 


( 

3Ia\imum 

74 

39 

6,288,000 

17 3 

127 

15 000 

78 2 

n 

ffll 

B 

1 


I 

[Minimum 

■ 

H 

2,560,000 

■1 

1 

6,800 

30 8 1 

I 

GA 

B 

B 

■ 

■ 

0 
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eoloi-mdes and an increase in the propoition of mononuclear leukocytes 
Leukocytosis has occasionally been observed but as a rule is absent In 
reading the results of blood counts on most of the cases examined in 
this state it must be remembered that we are dealing, in the mam, with 
individuals who were not normal before the onset of the pellagra Blood 
changes are found in many of the chronic insane and this fact should be 
borne in mmd in considering the examinations of such individuals who 
subsequently become pellagrins 

» 

Table 13 — Blood Examination of Pellagbins Dueing the Acute oe Subsiding Stages 



Red Cells 
per e mm 

a 

So 

tcp-i 

o 

a s 

Color Index 

White Cells 
per c mm 

Per Cent 

Oi 

o 2 

a 

Small 

Lymphocytes 

Laige 

Lymphocytes 

Mononuclear 

Leukocytes 

Ti ansitional 
Cells 

Eosinophils 

OT 

CIh 

O 

Ji 

Cw 

w 

Unclassified 

J B 

4 088,000 

11 52 

10 


54 20 

28 33 

5 66 

4 21 


5 59 

1 ?2 

018 

N A 

1 5,032,000 

10 56 

0 76 

6,620 

69 6 

14 07 

10 2 

2 22 

111 

1 16 

0 37 

00 

C G 

4,205,000 

11 52 

10 


47 33 

33 83 

10 5 

3 17 


2 00 

1 10 

00 

J S 

5,200,000 

12 0 

0 82 

9,000 

60 43 

25 96 

43 

1 37 


70 

0 19 

00 

C A 

3,960,000 

11 5 

1 3 

9,600 

64 46 

29 15 

32 

00 


2 96 

23 

00 

J S 

3 652,000 

10 06 

1 0 

7,600 

66 0 

21 0 

60 

24 

15 

3 1 

00 

00 

E S 

4,664,000 

13 9 

1 06 

7,400 

61 43 

20 28 

12 6 

2 57 

1 86 

1 0 

0 29 

00 

J E 

5,120,000 

9 6 

07 

7,200 

31 78 

34 08 

171 

136 

1 16 

13 4 

0 58 

00 


4,542,000 

9 6 

0 76 

7,000 

38 0 

1 50 4 


48 


68 

0 58 

00 


4,682,000 

10 8 

08 

7,200 









J V 

4,640,000 


j 

16,920 

78 0 

15 0 

00 

50 

1 

00 

20 

00 

1 

00 

Aveiage 

4,524,864 

11 1 

0 97 

8,394 

57 22 

i 

34 22 

3 42 

45 

1 

^ O' 67 

1 

■ 


5,208,000 

1 

13 9 

B 

16,920 



50 

13 4 

23 

■ 

Minimum 

3,632,500 

96 

07 

i 

6,400 j 

3178 

24 27 1 

00 

1 0 

00 

■ 


With this in view it was thought well to tabulate for comparison the 
blood findings in a gioup of individuals suffering fiom chrome mental 
disorder and comparable in that respect with the great majority of avail- 
able pellagiins They include cases of senile dementia, dementia pr^cox 
and defective mental development The results of twenty-five such 
examinations performed by Dr Addison Bybee, late clinical pathologist 
to the Psychopathic Institute, are given in Table 1 These eases were 
selected for the reason that in age, type of mental disorder and long 
residence in hospital they faiily coiiespond with the bulk of the popula- 
tion of the Peoria State Hospital 
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THE ARCHIVES OP INTERNAL MEDICINE 

It Will be observed that in twelve of these the color index is normal 
or slightly above in spite of the fact that some of these show a diminished 
number of red cells The two eases presenting the smallest number of 
red cells;, viz , 2,566,000 and 4,116,000 have, respectively, a color index 
of 1 11 and 1 04 With regard to the proportions of the ddferent vari- 
eties of white cells it will be seen that on an average also the relative 
number of large mononuclear leukocytes and transitional cells is some- 
what high Attention should be called to the presence of eosinophilia in 
several of the eases 

In Table 13 will be found the results of eleven examinations made 
on nine different patients during the acute or subsiding stages of pellagra 

It will be obseived that in five of these the color index is at or 
slightly above the normal, although in all five the number of red cells 
is more or less subnormal In only one patient, J V, was there any 
leukocytosis This patient, reported in moie detail below (Case 2), was 
apparently not insane before the onset of pellagra The numbei of 
leukocytes increased at subsequent examinations from 16,920 to 20,480 
per cmm The attack was very severe, with fatal result, and at 
necropsy no evidence of any septic focus was found to account for the 
leukocytosis with absolute and relative increase in the polymorphonueleai 
leukocytes One must therefore conclude that this was due to pellagia 
Apart from this case all other patients have shown a relative lympho- 
cytosis and there is apparently a diminution in the proportion of large 
mononuclear leukocytes It will be observed that the increased number 
of lymphocytes was not limited to the larger varieties, so that it cannot 
be explained by differences in nomenclature and a confusion between 
large lymphoc 3 des and large mononuclear leukocytes Eosinophilia is 
also present in five of the nine cases In one of these patients, J H, 
the proportion is as high as 13 4 per cent and it may be noted that 
this patient also showed amebas in the stools The eosinophilia, how- 
ever, does not alwaj^s correspond with amebiasis as, for instance, in 
J B no amebas were found In view of the findings in Table 7, how- 
ever, one need not be surprised at these figures 

A blood count of the patient, J N, made eighteen months after the 
disappearance of all pellagrous s 3 'mptoms at a time when the patient 
was apparently in good health and had had no recurrence, gave the fol- 
lowing results Eed cells, 4,720,000 per e mm , hemoglobin, 11 5 per 
cent , color-index, 0 87 , white cells, 8,200 per e mm , of which 50 5 
per cent were pol 3 'morphonuclear neutrophils, 42 per cent Ijmphocitea, 

1 5 per cent mononuclear leukocytes and transitional cells, 5 per cent 
eosinophils and 1 per cent basophils 

Besides these enumerations several weeks were occupied m the careful 
study of blood both m the fresh state and after staining by various 
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metliods The fiesh blood was examined with direct illumination and 
the dark-field illuminator The stains employed hare been those of 
J enner, Giemsa, Levaditi and methylene blue In no specimen has any- 
thing been observed which seemed to be in any way abnoimal 

Cultures weie made from the blood in several cases with negative 
results, except in one instance, J N, at the Kankakee State Hospital 
In this case a laige motile bacillus was obtained which grew freely but 
somewhat slowly on all media. That it was not a contamination seemed 
to be pioved by the fact that the organism was agglutinated by the 
patienCs serum Ko clumping was obtained, however, with the sera 
of other pellagrins or healthy individuals and the bacillus gave no 
evidence of pathogenicity even in large doses when injected into a 
monkey and a gumea-pig We are therefore inclined to regard this as 
evidence only of a lowered resistance to the invasion of the individual 
by parasites 

Similar investigations carried out at Peoria by Captains Kichols and 
Siler gave results which are reported by them as follows 

Blood cultures and spinal-fiuid cultures were made from ten living cases, and 
cultures from the spleen were made in six cases at autopsy In every instance the 
results were negative 

The greater portion of two weeks was devoted to the examination of fresh 
blood and spinal fluid, and smears from the blood, spleen, and liver The smears 
were stained with the Leishman plyclirome stain, with Giemsa's polychrome stain, 
and with Mac Neal’s polychrome stain Nothing whatsoever suggestive of a 
protozoal infection was encountered 

Blood cultures were made on blood-agar (trypanosome media), the results in 
each instance being negative 


URINE 

Specimens have been examined repeatedly from the patients tians- 
ferred to Kankakee from Peoria and also in cases arising in the former 
institution Ko constant changes have been found with the exception 
of a very marked indican reaction which was present m all and can 
probably be correlated with the intestinal putrefaction In a few instances 
a trace of albumin and a few hyaline casts have been present 

One striking feature also has been the great variability m quantity, 
color and specific gravity of the specimens obtained on various day^s 
from the same patient In the case of J K , who passed through a 
very severe attack, these variations were remarkable and are recorded 
in graphic form on Chart 2 It should be stated that the estimations 
of chlorids, phosphates and sulphates were made by the Purdy centrifuge 
method and hence cannot be regarded as accurate Kevertheless, since 
they were all made with the same centrifuge revolved for the same 
length of time, a comparison between the readings for the different days 
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IS qmte permissible These results cannot be regarded as indicating 
anything more than evidence of gieat distuibanee in metabolism and 
suggest the advisability of moie exact study of the exchanges 



CLait 2 — Showing \aiiation in quantity, color and specific gravity of urine 
on dififeient days in the case of J N 


THE COUBSE OF THE DISEASE 

The great ma]oiity of cases have shoira an acute course with sudden 
onset and liave arisen for the most part in individuals of pooi physique, 
although some few have been well nouiished and apparently healthy 
As a rule the earliest symptom observed has been the skin eruption on 
the hands with simultaneous or rapidl}'' succeeding soreness of tlie 
mouth and more or less diarrhea This acute phase lasts for one or 
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two weeks and then gradually subsides with the replacement of the 
erythma by a thickened, dry, scaly condition of the skin which may 
last several weeks or even months, during which desquamation occurs. 

A certain proportion of the cases have begun with gastro-intestinal 
s}mptoms, consisting of chronic and often severe diarrhea with more or 
less stomatitis At this stage the diagnosis is very difficult to make and 
cases have been observed in which these symptoms have been present 
for one or two months before the appearance of the characteristic rash 
The eruption has appeared suddenly and has generally been very severe 
vith marked bleb formation and ulceration These cases, in our experi- 
ence, have been extremely fatal, the patient rapidly losing flesh and 
becoming weaker We aie inclined to regard the occurrence of severe 
mouth symptoms in any case as of very grave import hlevertheless in 
some cases in which death has seemed to be only a question of a few 
days^ improvement has occurred with an apparently complete recovery 
One such example, J iST , at the Kankakee State Hospital, where death 
was momentarily expected in the spring of 1910, made a good recovery 
and has had no leemrence up to November, 1911, being apparently in 
fully as good health as before the attack This patient, though not 
robust was nevertheless in a good state of nutrition and health before 
the onset of the pellagra 

Another form of course deserves to be especially mentioned because 
it touches on the important question as to what constitutes pellagra 
and when it may be considered as recovered In these cases the gastro- 
intestinal symptoms are usually severe and there is consequently progres- 
sive emaciation and exhaustion After a few weeks the skm lesions 
disappear and the mouth may get well, diarrhea becoming less or even 
disappearing, and jet the patient does not improve or only slightly 
and then temporarily Without anj'- recurrence of the acute symptoms 
of pellagra there is a gradual decline with increasing evidence of involve- 
ment of the nervous system until the picture becomes unmistakably 
that of central neuritis which ends fatally in a short time (See case 
J V below) 

In some instances these symptoms have occurred within a few 
days of the subsidence of the chaiacteiistic pellagrous phenomena or 
even while they are still present, whereas in others thej'’ have been 
dela 3 ’'ed for several months We do not feel justified in expressing 
any definite opinions on the meaning of this condition but it may be 
suggested that the sequence is somewhat similar to that which occurs 
in diphtheria in which a peiipheral neuritis follows at a longer or 
shorter interval after the actual infective agent has been eliminated 
Yet it IS unquestionably due to the action of the toxins, produced by 
the organisms, on the peripheral nervous system In pellagra the 
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neuritis is more particularly central, but may well be a late effect of the 
toMns, whatevei their nature, as in diphtheria, and does not necessarily 
indicate that the disease is still active Progressive emaciation and 
exhaustion after the subsidence of the characteiistie manifestations of 
pellagra, have been noted by many authors and have been regarded by 
some as evidence that the disease is still active We aie unaWe to say 
whether all such cases present symptoms of central neuritis or not. as 
the necessary data are not available Attention to this point is certainly 
desirable, as it offers the possibility of a definite explanation foi this 
otherwise puzzling course 

It is usually stated that in most cases after the subsidence of an 
attack the patient regains his health more or less completely and may 
seem to be entirely recovered, but with the appearance of the next spring 
or autumn there is a recrudescence of the active symptoms The shoit 
time during which cases have been under observation in this state renders 
it impossible to give any very reliable data concerning this question, 
but it may be stated that many of the patients showing attacks in 1909 
and 1910 have not presented any recurrence up to date, although they 
have been closely watched The actual figures are given in the statis- 
tical stud 3 ^ Of the six cases transferred from the Peoria to the Kankakee 
State Hospital in July, 1910, selected for the reason that they presented 
unquestionable symptoms of pellagia, none up to the end of November, 
1911, have shown any further symptoms of the disease (One of these 
patients died from pneumonia April 15, 1911 ) The best marked 
example of annual recurrence was seen in the city of Peoria by the 

courtesy of Dr J H Bacon,^ as already referred to This patient 

had had seven attacks in seven years although the diagnosis was not 
made until the seventh and fatal attack in March, 1910 

Pinally there are to be mentioned cases which present a much moie 
chronic course as regards the individual attacks In these cases there 
is, as a rule, but little constitutional disturbance and the mitral erythema 
IS slight or may not be seen at all There occurs, however, a slowly 

increasing pigmentation with some thickening and roughness of the 

skin of characteristic distribution, S 3 ’’mmetry and outline The color 
in these cases becomes extremely dark, often almost black, and persists 
for some months, when desquamation occurs and the skin giaduall} 
resumes a more normal color This condition has onl}'' rarel} been 
observed among the cases in this state and is perhaps more difficu t 
of diagnosis, especially when it occurs in old people, than the more 
acute forms 

PATHOlOGICAn FIXDIXGS 

The post-mortem findings in so far as thej have jet been vorkeil up 
are described in detail below in connection with the descriptions o le 
cases While it cannot be said that there is anj thing specific abou le 
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changes found, jet there aie certain features which, seem to be constant 
and open up certain more or less definite lines for future search These 
may be summarized as follows 

1 The nervous system presents a picture of axonal chromatolysis 
involving especially the Betz and larger pyramidal cells of the precentral 
convolutions and the cells of the nuclei in the cerebellum, pons, medulla 
and cold as well as the posterior root and sympathetic ganglia Besides 
these changes numerous cells in most cases show a marked pigmentary 
degeneration of fatty nature similar to that found in the senile nervous 
sjstem and in some other conditions With this there is, in most cases, 
but little evidence of connective tissue reaction, and we would especially 
emphasize the absence of infiltration of the perivascular sheaths In 
some eases there is more or less overgrowth of glia cells along the vessels 
and around the neive cells The picture here described is identical with 
that published by others, notably Spiller and Anderson, in cases of pel- 
lagra, but IS also strikingly similar to the picture of central neuritis This 
similarity, indeed, led us to ask whether the patient did not have the 
clinical picture of that condition before we weie aware that Dr Wilgus, 
superintendent of the Elgin State Hospital, had already obseived and 
commented on it 

Central neuritis, like peripheral neuritis, must not be regarded as a 
disease sm genens, but merely as a type of reaction on the part of the 
nervous tissue, capable of being produced by various harmful agents In 
response to a letter. Dr Adolf Meyer, who first described the changes 
which bear this name, writes that he is not surprised to hear Ihat they are 
found in the end stages of pellagra and gives the interpretation contained 
in the above words 

2 The Ivier has been constantly the seat of small islets of a low-grade 
inflammation of the portal connective tissue lying in the inteilobular 
septa The intralobular capillaries are engorged and in most cases there 
are many small blood extravasations The liver cells have undergone 
fatty degeneiation which is in some instances remarkable, and the change 
IS distributed in every case along the periphery of the lobule This, in 
the absence of any marked cirrhosis, at once suggests that there may have 
been some toxin circulating in the portal blood-stream Some of the 
specimens even suggest a picture of a very early stage of acute yellow 
atiophy or the more acute forms of alcoholic cirrhosis 

3 Intestinal ulceration has been present in three out of seven cases 
This has not the acuity of an amebic mfection and no amebas have been 
found in the walls Even where no ulceration was found a low-grade 
infiltration of the mucosa and submucosa has been present in places 
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These findings aie eeitainlj of interest in relation to the condition of 
the livei 

4 The Icidneys show degeneiative changes in the renal epithelium and 

in all cases more or less inteistitial nephritis, in spite of the fact that the 
ages in some of the cases is certainly not great Engorgement of capil- 
laiies with small hemorrhages aie also frequent j 

5 The spleen shows some fibrous overgrowth and again small liemoi- 
ihages 

6 Pigmentary changes are present m the heart muscle at an age 
which is below that at which they are usually found 

7 In some of the cases hyaline changes in the intima of the blood- 
vessels has been marked, but this is not constant 

All these appearances suggest the presence of some toxic substance in 
the blood One may even go further and fiom the changes in the intestine 
and especially in the liver, suspect that this toxin originates in the 
intestine and enters the circulation by way of the portal system The 
great frequency of gastio-intestinal symptoms during the clinical course 
of the disease might be regarded as pointing m the same direction There 
IS alwaj s, however, to be borne m mind the possibility that these changes 
may be secondary to the pellagra That is to say, that as the result of 
the gross disturbances in metabolism and vital lesistance, which certainly 
accompany the disease, there may follow a secondary invasion of the 
intestinal tract with organisms which then give rise to the changes found 
by virtue of the toxins elaborated during their growth Secondary changes 
such as this would be quite in accordance with what is found in other 
diseases 

If, however, we look for evidences of the localization of a blood-borne 
parasite in other parts of the body we find entirely negative results The 
nervous s}stem does not present any features similar to those found in 
such diseases as trypanosomiasis or paiasj’philis The absence here of 
any focal changes and of perivascular infiltration are stiikingly dift’erent 
from the conditions found there The picture presented is much more 
that of a ditfuse toxic state than of one due to a blood infection The 
onlj tissues in which there seemed to be an}' localization of lesion were in 
the intestinal wall and the liver In this latter organ the aieas of 
infiltration present in the mtei lobular septa weie decidedly local and 
often widely separated, and where found, existed in the foim of moie or 
less eiiculai islets There vas no geneialized iniasion of the whole of 
the connective tissue The intensity of the infiltration was certainl} of 
low giade and did not suggest a vei}' acute inflammation 

As alread}’ indicated, the study of degeneiation in the neivous system 
IS very mcomplete, but from what has been seen so far there i= no eMdence 
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of any system degeneration The fibeis in the coid which stain by the 
Maiehi method aie scanty and widely scatteied and theie is nothing to 
support the suggestion made by Long that the nerve roots are pressed on 
as they pass through the interveitebial foiamina It might also be 
mentioned that the distribution of the skin lesions does not coriespond 
with that of the posterior roots of the cord The perfect symmetry so 
characteristic of the skin lesions in pellagra is hardly conceivable as the 
result of any gross nervous lesion and suggests far more some generalized 
noxious agent which is capable of a far finer biochemical selective power 
than could possibh'’ be conceived from pressure or other gross lesion of 
like kind 

Pellagra is sometimes described as a disease especially involving the 
nervous system Piom the findings here described the nervous S5'stem 
seems to be involved only as a secondary process and at a late stage of the 
disease, in this respect confirming the opinion expressed above from 
clinical study 

Without expressing any opinion as to casual relations, it seems to us 
that the mam indications revealed by the pathological study point to the 
need for closely following up investigations on the intestinal tract At 
the same time we can admit that this habitat would not contradict the 
h3'pothesis that the parasite has entered the system through the blood 
stream as the result of bites by insects 

CASE EEPORTS 

Case 1 — Pellagia %n a Pieviously Healthy 'Woman Winch Without Impiove- 
ment in the Specific Symptoms Led to Death in Three Months 

History — A D , a white female, aged 43, seamstress by occupation and a 
widow She is said to have been a healthy woman, though always in poor cir- 
cumstances and during the last few months has had a hard struggle for e-vistence 
She has four living children and had one stillbirth but no miscarriages The 
menopause occurred five years ago Her only illnesses during adult life have 
been gonorrhea “several j ears ago” and malaria “on several occasions ” She had 
been living in Corinth, Mississippi, for “several years” until June, 1910, when she 
came to Chicago, where she has been since Previous attacks of pellagra are 
denied 

Present Illness — ^Present illness began in October, 1910, the first symptoms 
being “chapping of the hands” with diarrhea and progressive emaciation The 
hands became raw and fissured and this was accompanied by pain of a burning 
character Diarrhea has been very profuse and for two months there had fre- 
quently been blood in the stools, sometimes in the form of clots The mouth also 
became very sore, rendering eating difficult and there was profuse salivation In 
spite of this she showed a craving for food, the ingestion of which would often 
give rise to “cramps ” Ho definite mental symptoms have been noted with the 
exception of a change in temperament, in that she was more fretful and irritable 
than usual At no time has there been any evidence of “wandering in her mind 

Examination — She was admitted to the Cook County Hospital Jan 12, 1911, 
under the care of Dr W A Pusey, to whose courtesy we are indebted for permis- 
sion to use this case At this time she presented an extremely emaciated con- 
dition ^\lth incessant diarrhea Mentally she was clear and remained so until 
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the time ot her death, but was listless and apathetic Some decree of denressmn 
was present but this did not seem to exceed the limits ]ustified°by her coLition 

SL™ wT T ‘■“‘*'5' seemed to b° iiod 

although the examination was not very thorough ^ 

On the backs of the hands extending upwards to about 2 inches above the 
wrists and forming a cuff around the wrist was a characteristic pella^rrous erup- 
tion completely symmetrical on the two sides The skin over this area °v as deeply 
pigmented, fissured and excoriated, with yellowish exudate between the roots of 
the fingers The mucosa of the lips, tongue and inside the cheeks was markedly 
red, swollen and partially denuded, with yellowish exudation where the lips 
in contact with the teeth ^ 


came 


The diarrhea continued with great severity, accompanied sometimes by the 
passage of blood and the patient rapidly became weaker She was first seen by us 
cn Jan 20 1911, at which time she was so weak and ill that an exhaustive exami- 
nation was not permissible She rapidly became tired when talked to, the swelling 
of the mouth and tongue rendering it difficult for her to converse She, howevei” 
seemed to he clear and gave some details concerning her illness without hesitation 
or error She was not unduly depressed but realized that she was dying and was 
very willing to permit any examination which would help to elucidate the disease 
which she recognized as being somewhat rare The knee-jerks were greatly exag- 
gerated hut equal on the two sides, yet did not appear to be more marked than is 
commonly found in advanced exhaustion The plantar reflexes were both of flexor 
type Rough testing revealed no gross changes in sensibility of the skin 

Blood was taken by venipuncture for agglutination and complement fixation 
tests The stools were also examined for amebai but none were found 

Necropsy — Death occurred Jan 22, 1911, at 1 30 p m and an autopsy was 
performed the following day at 11 a m At this time the pellagrous eruption was 
still well-marked and the evidences of excdriation in the mouth were quite distinct 
On section the lungs showed considerable edema, especially at the bases There 
was a healed calcareous scar at the right apex, but otheiwise no change The 
pericardium contained some excess of clear fluid but the heart and vessels showed 
no notable changes The heart muscle was somewhat thin and flabby and there 
W'as no hypertrophy of the left side 

The kidneys showed soi \ evidences of early chronic interstitial nephritis The 
adrenal bodies were firm, v ih weighing 4 g 

The spleen was larger than normal {weight 200 gm ) and its substance seemed 
to be unduly firm, but there was no evidence of great increase in fibrous tissue 
The intestinal tract appeared normal everywhere with the exceptions of the 
mucosa of the mouth and the lower part of the sigmoid flexure in which w^ere found 
about ten small, roughly circular, ulcers from 2 to 8 mm in diameter These 
ulcers weie all situated within a length of about 2 inches The edges were some- 
what heaped up but not undermined The surface was rough The mesenteric 
glands were also enlarged but on section showed an approximately normal appear- 

ance , f ii 

The liver was engorged with blood and its section showed an obviously fat y 

appearance 

The pelvic organs presented nothing abnormal but the mucosa of the \agina 
was veiy led and somewhat swelled, especially in the region of tlie fornices 

The centi al nervous system presented no very definite changes, with the excep 
tion of some increase of fluid over the convexity of the brain 

Portions of all organs were removed for microscopical examination, and one 
hemisphere of the brain was sent to the University of Chicago for chemical exami- 
nation by Dr Waldemar Koch 


XIICBOSCOPICII. EXAMlXXTlOX 

The lungs show nothing abnormal beyond general extreme congestion 
Heart Heart muscle shows no increase in fibrous tissue The blood 
are engorged and here and there are to be seen small extravasations between the 
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muscle columns Tlic muscle cells stain diffusely with a gianular appeal ance In 
jilaces vacuoles aie found within the cells and in many of them theie are small 
collections of gieeenish-yellow pigment aiouiid the nuclei The muscle cells also 
show a tendency to fragmentation 

Kidneys The capsule is model ately thickened and theie is some inciease 
of fibious tissue between the tubules and also of Bowman’s capsule Theie is 
maiked congestion of the vessels, especially in the iiiedullaiy lays, with heie and 
theie small hemorrhages which are moie numerous close beneath the capsule and 
in the mediillaiy lays The cells of the convoluted tubules aie swollen, graniilai, 
and their outline is indistinct, while then nuclei stain lathei pooily as compared 
Mith those of the smaller tubules The glomeruli are congested but well stained 
and show no changes in the vessel walls There is no denudation of epithelium 
There is a moderate amount of small round celled infiltration close beneath the 
capsule but this is not noticeable elsewhere 

Spleen Moderate overgrowth of connective tissue involving the capsule and 
tiabecul,]e The pulp is engoiged with blood and there are a few small areas in 
Avhich the blood cells are under going disintegration, which probably represent 
small henionhages 

Supiaional Glands The cells in the glomerular layer are well stained but 
show small i^acuoles of fat which become more maiked in the fascicular layer The 
vessels are all engorged, especially in the fascicular layer where there are several 
muiute hemorrhages A similar appearance is observed in the reticular layei 
The central veins are widely dilated 

Liver The capsule is slightly thickened and theie is a very moderate increase 
of fibrous tissue in the portal canals In this latter there is also an infiltration 
with small round cells, moderate in degree The blood vessels are e\tieniely 
dilated and this dilatation becomes greater as the capillaries appioach the central 
veins of the lobules, in many places the width of these capillaries being greater 
than that of the liver ceil columns themselves Close beneath the capsule there 
aie a number of small evtiavasations of blood The parenchyma is well stained 
but there is maiked fatty degeneration of the cells aiound the peiipheiy of the 
lobules, nianj of the cells appealing to consist of a large fat droplet In some 
lobules there is also fatty degenei ation of the cells near the center, although this 
IS nowhere very maiked Ihe bile ducts aie well stained and not inci eased 

Pancreas lire pancreas shows a maiked engoigemcnt of the blood-vessels 
i\ith veij ‘•light increase in fibious tissue, but otherwise no change 

Intestinal Ulceis Serial sections made through one of these ulceis showed 
a somoidiat subacute type of iiiflammation with increase of fibrous tissue elements 
and moderate small celled infiltration A careful search was made for the pres- 
ence of amebas in the ulcer wall and sections weie submitted to Captain Nichols 
of the Army Medical School, Washington, D C , who examined them in collabora- 
tion with Dr Neate, micioscopist to the Museum of the Army Medical School 
Ihey report that they ‘have been unable to satisfy ourselves that they contain 
any amebas Ihe general picture, too, does not seem to be active enough for an 
amebic ulceration ” 

Besides the ulceis, similar infiltiations of the submucosa and even deeper than 
the muscularis mueosai were found in the apparently healthy wall of the intestine 
Mesenteric Lymph-Nodes These on section showed maiked engoigemeiit of 
the vessels with blood and some dilatation of the lymph-spaces but there appeared 
to be no increase of connective tissue and no otliei pathological changes 
Sections of the ovaty and tonsil revealed nothing worthy of special note 
Cential Nervous System The pia mater showed no changes eithei with regard 
to its connective tissue or blood vessels 

Neive iCells (Pig 3) Sections were examined fiom various regions of the 
cortex and also from different levels in the cord and medulla Stained with 
metlijdene blue and cresyl violet, maiked cliiomatolytic changes of an axonal 
type Merc found in the large pyramidal cells of the rolandic region but especially 
of the Bl.t^ cells Of these lattei iiractically all show extreme changes The 
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cells aic sv ollen and slam faintly, the nucleus is displaced and the nucleolus often 

llirnTieimminfr at%he^b disappeaied, small collections of 

e 1 einain mg at the base of the laigei piocesses, along the edges of the cells 

and often collected as a small mass aiound the nucleus Very many of these cells 

show masses of a yellowish gieen pigment, sometimes almost filling the larger 

pait of the cell This pigment stains black with osmic acid The large pyramidal 

cells show somewhat similar changes, especially in regard to the pigmentation, 

but the chromatolytic changes aie not so marked and many healthy cells are still 

prGSGHC 


In othei legions of the eoitex an occasional laigei pyiamidal cell is found 
showing evidences of chi omatolysis but they are nowhere veiy marked The Pur- 
kmje cells of the cerebellum show generally a somewhat poor content of chromo- 
phil gianules but aie not otherwise changed The dentate nucleus shows many 
cells with chromatolysis 

In the inedulh oblongata the cells of piactically all nuclei show maiked 
chromatolytic and pigmentaiy changes, especially in the largei types of cells 
In the spinal cord similar changes aie found in some anteiior horn cells at all 
levels examined, but the gieat majority of these cells appear healthy The most 
marked changes weie found in the cells of Claike’s column wheie the niajoiity of 
them were undeigoing chiomatolysis and pigmentaiy degeneiation Chiomatolytic 
changes were also found in the cells of the posteiior root ganglia In specimens 


stained by the Maiehi method the pigment deposits both in anteiior hom and 
Clarke’s column cells are very evident 

Marclu Method Biain sections by this method have not yet been studied 
hut in the spinal coid theie aie a few degeneiated fibers scatteied difiusely 
through the white mattei This does not especially involve the pyiamidal tracts 
Degeneiated fibeis are also pieseut m both anterioi and posterioi spinal roots 
Glia and Vessels The absence of any increase of glia cells is very sti iking Not 
more than one or two satellite cells aie found in relation with the degenerated 
cells, and the glia nuclei aie nowhere moie numeious than normal except possibly 
around some of the largei vessels The ceiebral vessels show in places a slight 
increase of the adventitial nuclei but tbeie is absolutely no infiltiation of the pen- 
vascular sheaths Ihis is true in all sections examined and ceitainly foiins i 
striking contrast to the pictuies seen in syphilis, paiasyphilis and trypanosomiasis 
Attention m.ay also be called to the large numbei of coipoia amykicea 11111011 
are piesent in the spinal coid, situated cspecialli along the com sc of the posteio- 
lateial septa and along the boideis of the antciioi hssuie In these legioiis as 
many as ten or twelve may be seen in the field of a 4 mm objective V hen tlie 
age of this patient (43 yeais) is consideied the pigmentaiy changes and cm poi i 
amylacea must be regarded as definitely pathological 

Chemical examination of the light cerebial hemispheie by Waldemai voc 1, 
PhD, of the University of Chicago shoued a diminution of the neutral sulphui 
fi action without change in the total sulphui Such a condition as this his iceii 
found hitheito only 111 the biains of individii ils nho hive sutfeicd fiom deiiieii 1.1 
praicox Theie was no change in the pliosjihoiiis content 


Case 2 — Pcllagia in a Patient of Psijcliasthcnoid Pcisonuhty Accompanied hy 
Disorientation, Perplexity and Some Anxiety leith Ilallucinosis Gonci<ilt~ct nip 
fton One Month After Onset Disappcaiancc of Acluo Pcllayrous Symptoms am 
Simultaneous Mental Impi oicmcnt But Without Genciul Kccoicry Dcic opmen 
of Gcntial Neuiitis Two Months Later Death Font Months After Oust 
J V, white female, housewife, aged 57, m lined 

Family I/istoi y —Jhis was meager, but showed nothiiig of import nice 
Pcisonal Uistoiy — ^Infoiiii ition concerning her earlj lite w is not obt uiia 1 1 
Within one week of her marriage at the age of 20 she was noticed to lavc 
psvchastheuoid sjmptonis She bis had a verj bird life, hiving o 
earning a maintenance for her fimilj of four cliildrcn Her bus int t 
1005 to take up some 1 md in Wisconsin, the jiaticnt ifter much queru ous 1 
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tion refusing to live there -with him, not because theie was any quail el but 
because she could not stand the desolate sui roundings Duiing the whole of her 
niaiiied life she was iiiitable, unable to make up her mind to do things and would 
\ oriy over them when they weie done Such hesitation and indecision have char- 
acteiized all hei acts, even in i elation to minute details, such as cooking food, etc 
She has lived at Mazon in Giundy County, Illinois, ever since her mariiage, 
with the exception of a shoit visit to hei husband in Wisconsin and to a daughter 
in Kansas City, Missouii She leturned fiom this latter trip about Decembei, 
1909, and has been living in Mazon since She has been a semi-invalid for many 
months and was opeiated on in October, 1910, for a fistula and ischio-rectal 
abscess She was more irritable and unable to make up her mind dui ing this time 
than befoie but theie weie no othei definite evidences of mental distuibance 

Ko histoiy of any eiuption suggestive of an attack of pellagia in the past 
could be obtained 

Piesent Illness — At the end of Apiil, 1911, she developed an “eczema” of the 
hards with seveie diaiihea and about the same time she seemed to go “out of hei 
mind ” She did not know at times whei e she was and spoke of seeing smoke 
aiouiid the house She recognized people, howevei, and seemed better when 
Msiting in other homes than she did in hei own She became rapidly weaker, 
raoie fietful and seemed moie dazed No evidences of apprehension oi furthei 
hallucinosis were noticed , 

Physical Examination — She was admitted to the Kankakee State Hospital 
May 13, 1911, when she was found to be much emaciated, with a well-marked 
pellagious eiuption on the hands, seveie diaiihea and law, swelled tongue with 
Uiucli gingivitis 

Physical examination revealed no signs of othei disease The reflexes weie 
inci eased equally on the two sides, the plantais being of flexoi type All move- 
ments ^\ele very feeble and there was some tienioi of the fingers 

Mental examination showed hei to be depressed and somewhat clouded She 
vas veiy lestless and seemed anxious and woriied She mistook nurses for 
people whom she had known before, and answered most questions with “I don’t 
know ” She performed a number of acts of perplexity, such as pulling off her bed 
clothing and piling it on the flooi, and she Avandeied about in a dazed mannei 
The pellagrous eruption on the hands was of extiemely dark color, some fissures 
were piesent about the knuckles and desquamation was marked at the time of 
admission The eruption lapidly disappeared, desquamation being piactically 
complete by the middle of June, leaving a pink, rathei delicate looking skin 
The soic mouth also impioved and was well in about one week after admission 
Diaiihea was severe duiing May but disappeaied after that time, when she 
became moie oi less constipated, with only one day in which there weie four stools 
u'hich could not be accounted foi by puigatives 

May 23, 1911, there developed a red, blotchy eruption on the arms, which 
rapidly extended over the whole body, including tiuiik and lower extiemities and 
was legarded as a generalized pellagious eruption In the course of a few days 
this lash turned blown and began to desquamate Most of it had disappeaied, 
leaving a healthy looking skin, within three or four weeks, but some desquamation 
was still present on the lowei extremities at the time of death 

The confused, depressed, iii liable state which was piesent on admission dis- 
appeaied obout the beginning of June, the period of deliiium appealing to coin- 
cide with the acute pellagrous symptoms After this time the patient became 
moie cheeiful, talking fieely and gave a good account of her life without evidence 
of any mental dilapidation Theie weie, how'evei, periods for two or three days 
at a time in wdiich she w ould become depressed, entirely inaccessible, asking to be 
left alone, refusing food and saying she wished to die, but there was no rdcui- 
lence of clouding of consciousness at these times She explained these episodes 
bj saying she felt so ill and wanted to go home to die 
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a marked fesiture throughout the iJJness jind she oeeasionillv 
fell out of bed, apparently as the result of vertigo In walking she was evtrenielv 
unsteady and somewhat spastic, showing a constant tendency to fall towaids the 


No gross changes in skin sensibility were detected, with the exception that 
during the last two weeks of her life there seemed to be some bluntin" but she 
Mas too 111 to give much attention At the time of the genei aliped eruption time 
was quite definitely increased tenderness of the muscles and nerve tiunks which 
however, disappeared in a few days ' 


During the last two weeks of hei life there appeared jactatoid movements 
involving at first the four extremities, wdiich became rapidly moie and moie 
violent extending even to the facial muscles, the lips, eyeballs and lespiiatory 
muscles Accompanying this was an increasing tonic spasm of all muscles with 
slight retraction of the head The jactatoid movements w'eie sometimes so seveie 


as to raise the patient completely ofl the bed Dm mg this last two weeks she 
seemed to be clear, to take an interest in the presence of her dauglitei and son, 
but she often complained of an extreme dizziness and sometimes of noises in tlie 


ears like “flies ” There w^as no vomiting at any time but the patient complained 
of nausea and eructations 


Blood The blood was examined repeatedly both fiesh and stained but no 
abnormal bodies w'ere noted Blood counts showed a model ate degree of secondaiy 
anemia, the red cells numbeiing from 4,040,000 to 4,148,000 per emm, the lienio 


globin being estimated at 85 per cent The white cells at the first examination 
numbered 10,920 per c mm and increased to 20,480 at the end of June All 
through there was an increase of polymorphonucleai leukocytes which compiised 
75 to 79 per cent of the total Small lymphocytes 15 to 19 per cent , large lymplio 
cjtes 2 to 5 per cent and eosinophils 1 to 2 pei cent No abnormal wdiite cells 
nor red cells were observed 


Urine Urine examination on several occasions piesentcd no abnormalities and 
the stools were searched three times, after administration of calomel and mag- 
nesium sulphate, for the presence of piotozoa Active flagellates of the type of 
Trichomonas intestinalis were present each time but no amebas weie found 


Necropsy — Death occurred at 8 30 a m , August 17, 1911, and an autopsy was 
performed at 10 30 a m tlie same day At the examination the body was found 
to be extremely emaciated The lungs sliowed nothing abnormal w'ltli the excep- 
tion of pa°sive congestion and some scais of healed tuberculosis at botli apices 
The heait show'ed nothing abuoimal There W'as a model ate amount of sclerosis 


m the aorta 

The kidnej’S presented a slight amount of interstitial nephritis Spleen was 
injected but appeared otherwise normal The suprarenal glands showed nothing 


abnormal 

The gastro intestinal tiact was normal with the exception of three smill ulcer-^ 
in the lower part of the ileura just above the ileocecal valve These ulcers were 
punched ou<- with some heaping up at the mirgins but no underniiniiig, and 
appeared to be healing 

The hvtr was engorged with blood and had a fatty appearance Pelvic orgins 
were normal with the exception of a submucous fibroid The brain weighed 1,190 
gm There was microgyria of the frontal and to a less extent of the occipit i 
lobes The vessels showed some slight opacities and were injected PortioiH of 
all orgins were removed for examination inieroscopieally ind one half of tlie 
brain was placed in alcohol for cliemicil anvhiis 
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lillCEOSCOPIC EXA.MINATION 

Luiiga The lungs show an ineiease of fibious tissue with thickening of tho 
vessels and model ate anthiaeosis 

Ileait Ileait muscle shows some tendency to fi agmentation hut no fatty 
change Some cells sliow pigmentation about the nuclei 

Kidneys The capsule is thickened and there is some fibious tissue between 
the tubules The vessels aie all engoiged and a few small hemoiihages aie scat- 
teied throughout In places tho aiteries show maiked hyaline degeneiation The 
glomeiuli are small, the spaces about them dilated and the capsule of Bowman 
tl ickened Some of the glomeruli show a maiked increase in connective tissue 
nuclei Beneath the capsule many aieas show a model ate small celled infiltration 
The epithelium of the tubules foi the most part is well stained but in places that 
lining the convoluted tubules appeals swollen and finely glandular Many of 
the tubules contain a hyaline material and a few some epithelial cells 

Spleen Capsule thickened with coiiesponding ineiease in the fibious tiabeeiil® 
The oigan is much congested and theie aie seveial hemoiihages with daik blood 
pigment 

Livei The capsule is moderately thickened and theie is a general ineiease in 
fibious tissue of the poital canals Aiound some of the smaller vessels in the 
portal canals theie is also an infiltiation with small round-cells These stand 
out as lathei widely sepaiated islets in the section The whole organ is maikedly 
congested and there aie a numbei of small hemoiihages especially beneath the 
capsule The congestion of the lobules inei eases as the central vein is appioached 
and heie the columns of livci cells aie widely sepaiated The livei cells stain well 
but there is extreme fatty degeneration of patchy distnbution especially at the 
poiiphery of the lobules Some of the cells neaiei the cential vein also show the 
fatty charge, but to a less extent The patchy distribution of this fatty change 
and of the small celled infiltiation aie sti iking and the same may be said of the 
capillaiy engoigement of the lobules, although this lattei is more constant than 
the othei two The bile ducts aie well stained and show no increase 

Panel eas Theie is moderate increase of fibious tissue in the panel eas and a 
few small hemoiihages are seen Islands of Langeihans noimal in numbei and 
appeal ance 

Small Intestine Unf oi tiinately no sections weie obtained fiom the ulceis 
obseived The tissue containing them was badly fixed and could not be cut 
Sections fiom othei paits of the small intestine showed engorgement with blood 
and small celled infiltiation of the mucosa and subinucosa in irregular patches 
similai to those desciibed in Case A D ^ 

Thyroid Gland This showed iiici eased fibious tissue with some epithelial 
hjpeiplasia, maiked engorgement with blood 

Keivous System Neive cells, widespiead chi omatolysis of axonal type with 
maiked pigmentaiy changes aie found involving especially the laiger elements 
rigmentaiy changes aie piesent even in the medium sized pyiamidal cells These 
changes aie most maiked in the rolandic regions but are present, though to a less 
extent, in othei legioiis examined Many of the cells, especially among the smaller 
elements also show a diffuse, daik staining wdiieh with the heaimig up of satellite 
cells suggests the existence of a more chronic type of cell change Similai changes 
aie piesent in the Puikinje cells and the cells of the posterioi loot and sympathetic 
ganglia 

The fatty changes are veiy obvious in specimens stained with Schailach both 
in the cential system and in the sympathetic Mai chi specimens have not j’^et 
been examined 

Gha and Vessels Contrary to the findings m the case of A D , there is marked 
ineiease in the numbei of glia nuclei in all regions of the brain In many p aces 
the satellite cells form heaps and some of the vessels aie boideied by so i 
ot such nuclei Glia nuclei aie piesent in laige numbers in al ayers o 
biaiii coitcx and aie iiici eased also in the white matter 
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f-e nuco. and 

veiy slight cellular infiltiation and Scharlaeh sheaths present 

ous fatty granules contained within cells presence of numer- 

Suffennp f,om a Mamo Dep, essivc Ps„chos,s 
Death Ove Month after Onset toith Symptoms of Central Ncuj His 

f ’ a native of Scotland 

d but little information was available concerning her pievious life She witli 

hei husbana, adopted the religion of Dowie when in Scotland and have lived in 
Zion City for six or seven years They have been m fair circumstances and sue 
ceeded in pm chasing a home In 1908 when the husband was ill the patient had 
an attack of excitement of manic like character lasting a few weeks Her husband 
died about the end of 1908 and she apparently had an attack of depression lasting 
about one month, but was able to perform her housework At the end of Jun(^ 
1010, she again became restless and excited, with heightened mood When 
anmitted to the Elgin State Hospital July 21, 1910, she piesented no evidences of 
somatic disease but was exalted Her thoughts and acts weie strongly coloied by 
hei religious views, with some self appreciation and she was somewhat restless 
In October she became moie excited, singing and dancing, inteifering with otheis, 
in all this giving explanations on the basis of her religious exaltation 

A pellagrous eruption with emaciation and diarrhea were noted in May, 1911, 
and she died June 20, 1911, after a period in uhicli muscular rigidity with jacta- 
toid movements with diarrhea were noted 

The autopsy was peifoimed by Di H Smith about 24- hours aftei death 
Unfortunately no lecoid of the gross findings is available 

iricnoscopic examination 

Livei The liver shows no definite increase of fibrous tissue cither m the 
capsule 01 intei lobular septa The vessels and intralobular capillaries aie 
engorged, the latter especially in the region of the central veins Numerous small 
extravasations of blood are present within the lobules Marked fatty degeneia- 
tion of the liver cells at the periphery of the lobules is present and there aie many 
islets of infiltration with small round cells of low giade of intensity in the inter 
lobular septa 

Kidneys The capsules aie thickened and fibious tissue is increased aiound 
the vessels, between the lobules and in Bowman’s capsules The vessels are 
engorged and there are small hemorrhages scattered tliioughout, but especially 
in the medullary rays I he glomeruli are well stained with some inciease of con- 
nective tissue nuclei and are surrounded by a widened space The secreting 
tubules show some swelling of cells with diffuse staining and indistinctness of 
outline while many contain an albuminoid material 

Heart The heart muscle shows thickening of vessel walls with pigmentary 
changes in the muscle cells 

Spleen The spleen presents moderate thickening of capsule and tiabeculai 

with here and there small hemorihages 

Lungs The lungs show many alveoli filled with a homogeneous niateii il stain 
ing very faintly with eosiii which sometimes contains no cellular elements but fic- 
(luently numerous led blood cells and here and there shed epithelium There is no 
leukocytal infiltiation to suggest pneumonia 

Suprai dials In the suprarenal glands the vessels of the inner Iijcrs of le 
coitex and of the medull i are extiemely engorged with blood The p irenchjni i H 
mich degenerated and in many places the cells do not stain at all, being repre- 
sented only by a gianular detritus x . , i i 

Nervous Svstem The nervous system in this case has not yet been 
1 p Sections fiom the cortex stain badly with the Nissl st iins showing ni i 
diffeicntiation of the gr mules Xev ei thele-,3 many of the 1 irgtr pi ranm ‘ ^ 
show sHciling with diffuse coloiation of the micleiis which is irregular in 
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anil displarecJ to the pciipliciy of the cell These changes aie also veiy maiked 
in the cells of the dentate nucleus of the ceiehelluni Pigmentaiy changes have 
not been observed in anything like the same degree seen in the other cases Theie 
IS a model ate increase of glia nuelei along the walls of the vessels but not else- 
wheie The vessel Avails shoAv model ate increase of adi’entitial nuclei but no peri- 
■vasculai intiltiation 

Case 4 — Pellagia m a Man luitli Advanced Ai to losclei otic Changes and 
Dementia Death Six MecLs afto Onset ivith Cential ’Neuritis 

Hisloig — F M, AAdute male, blacksmith, said to have been insane since 1901 
and to have had a pievious attack in 1886 lie was admitted to the Elgin State 
Hospital in 1904 at the age of 67 He then shoived some loss of memoiy and 
derogatory delusions He ivas depiessed and cued easily, lefused food and threat- 
ened suicide His physical health A\as poor and he sufleied fiom hemorihoids 
He gradually failed in stiength 

Pellagrous eiuption with diaiihea developed in June, 1911, which improved 
in July, but he became Avoise again July 10 and died July 16 Avithout further acute 
symptoms of pellagra, but Avith signs of centi al neui itis 

Neoopsy — ^At the neciopsy the pellagrous pigmentation Avas still piesent and 
the body Avas much emaciated The hi am shoAved some atiophy of the cortex 
and atheroma of vessels The lungs shoAved hypostatic congestion and healed 
tuberculosis at the right apex The coronary vessels Avere sclerotic but there Aveie 
no other cardiac changes The spleen and kidneys Aveie repoited to piesent no 
changes The liver Avas firmer than noimal In the laige intestine Avere a nurabei 
of circular ulceis chiefly in the tiansA^eise and descending colon They A\’ere from 
Vs to i/j inch in diametei 


MICBOSCOMC EXAMINATION 

Micioscopically the principle changes aie Harked engoigement of the vessels 
01 the livei with model ate fatty degeneiation of the cells at the peiipheiy of the 
lobules The connective tissue is but little if at all inci eased Small hemoi i hages 
are piesent in places The hidneys sIioav chionic inteistitial nephiitis AVith the 
foimation of small sub capsulai cysts Small e\ti avasations of blood aie 
present, especially beneath the capsule The tubules stain pooily and many con- 
tain an albuminoid mateiial and in places epithelial cells The pyramids aie 
uiaikedly congested and many vessels shoAV hyaline change, some being occluded 
The spleen shoAvs some inciease of fibious tissue and theie aie small scatteied 
hemoi rhagic aieas The aiteiics show some hyaline change of the intima The 
intestinal ulceis extend doAvn to the submucosa and show a model ately acute 
small celled infiltiation No amebas Aveie found Aieas of iiifiltiation Avith small 
iGund-cells aie also present apait fiom the ulceis and extend even into the 
musculaii'5 

Neivous System In this case the pictuie is complicated by the maiked 
changes wiueh are piesent in the A'essel Avails A small hemoi rhage about 3 mm 
in diametei a. as found in the crusta of the pons and another mici oscopical in sue 
in the anteiioi coinua in the cervical legion Both Aiere lecentand in the latter tlie 
nerve cells lying in the midst of the extiavasated blood cells still stained well 
shoAAing AA ell-marked Nissl gianules, so that it seemed probable the extravasations 
Aveie due to post-moitem nijiiiy 

Glrronratolj sis is Avell marked nr the giant pyramidal cells of the pieceiitial 
region and also in the larger pyramidal cells elsewhere The Purkiiije cells in 
the ceiebellunr stain faintly and some show central chromatolj sis with displace- 
ment of the nucleus Similar changes are found in a few cells in the anterior 
hoin of the cord and more extensively iii the cells of Clarke’s column 

Pigmentary changes of a fatty nature are widespread throughout the nervous 
sjstem as shown by Schailach staining and this iuvoIacs not only those cells 
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shoAving diiomatolysis but also the smaller aizd otliei 
staining Similai fatty gianules aie piesent in lai^e 
cells lying in the sheaths of the vessels “ 


cells showing good Xis^l 
nunibeis contained within 


The blood-vessels show maiketl hyaline changes in the intiina, many of the 
smaller i^essels appealing to be almost occluded Thcie is also hypeipLisia of the 
adventitial coats but no small celled infiltiation of the peiivasculai slieaths The 
gha nuclei aie moderately increased both along the vessels and surioundin" the 
neive cells ° 


Case 5 Prolonged Attach of Pellagia loitli Acute Bxacci buttons in a Van 
Siiffoiing from Chronic Alcoholism with Varied Dilapidation Death Six Months 
af ter Onset ^ 

Etsiorg — E J , white male, upholsterei, 41 yeais of age at time of death 
He was a native of Sweden and had a biothei and a sistei who weie feeble minded 
He was a heavy diinkei and was nntnhle and unstable In Januaiy, 1001, at the 
age of 31 he was aiiested foi diunkenness but continued in an excited stite, 
pleaching and expiessmg ideas of pei sedition When admitted to the Elgin 
State Hospital in Januaiy, 1901, he ivas voiy lestless and excited but seemed in 
good health He continued to be violent and quaiielsome foi about six weeks and 
then became quieter, although still quairelsome at inteivals all thiough his stay 
in the hospital In 1908 he had an attack of acute iheumatism and is noted at 
that time as being “consideiably demented” 

Examination — ^Pellagrous erythema on the hands was noted in May, 1911, 
and repoitfd as “very fieiy” on July 31, 1911 At tins time he w'as also emaciated 
and much weaker but without any acute mental symptoms The pellagious eiup 
tion ivas still acute on August 15 and he also had stomatitis, salivation and 
diairhea August 31 the stools iveie examined foi aniebas with negative lesults 
and the blood is lepoited as showing a high coloi index Diairhea continued, 
with progressive exhaustion and emaciation until death Octobei 29, at which time 
the eruption was still present but of puiple coloi, with maiked desquamation 
Plantar icflexes w'eie of flexoi type eveiy day foi two weeks before death 

'Nectopsy — The neciopsy was peifoimed by Dr Wittinan on Octobci 29 The 
body wms much emaciated ind the muscles geneially thin and ati opine The heait 
was extieinely flabby but no othei abnormalities weic noted in it noi in tlic lung-5 
The liver was desciibed as daik blown with vciy obscuic inaikings Ihc kidnejt> 
showed some evidences of inteistitial nophiitis but no othei lindings of impoitancc 
wtie detected The intestines showed no ulceration 

Miu Qscopically the only findings of irapoitance wcie as follows Ilie liici 
showed model ate fatty degeneration following the outline of the lobules and tlieie 
weie small islets of infiltration wnth lomid cells in w’ldcly sepaiated areas of the 
poital connective tissue The capillaiies weie engorged especially neai the ccii- 
tial veins The fibrous tissue ivas not definitely increased 

The nervous system in this case has not yet been cx imincd 

(To be continued ) 
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Case 2 — Acute cerelyi ospmal meningitis and general septicemia due to Bacil- 
lus influenzcB Death fiom internal hydrocephalus eighty-nine days after the 
onset of the disease 

Clinical Histoiy — The following clinical history was obtained from Dr Wildei 
Tileston, the physician in charge The patient was a girl o years old She had 
always been a delicate child whose digestion was easily upset The present 
illness began suddenly on ilay 17, 1909, with fever, headache and cough At this 
time the throat was very red On the fouith day after the onset of the disease 
a lumbar puncture was performed and cloudy fluid under considerable pressure 
withdrawn The headache was seveie for the first six days, then it abated 
and the other symptoms of memngitis became less pronounced Fever was pres- 
ent throughout the entire illness, a period of eighty-nine days The pulse was 
usually increased in frequency Beginning on the seventy-third day after the 
onset of the disease there were occasional attacks of transitory bradycardia, the 
heart-rate would fall quite suddenly (but not instantaneously) from about 140 
to 70 or even 50, to rise again to its former rate or more within a few minutes 
During these attacks the respirations became markedly slow and labored, and 
there was usually unconsciousness The attacks were not prevented by atropin 
given subcutaneously in full doses There was a progressive loss of weight from 
37% pounds at the beginning of the illness to 27% pounds at the time of death 
Xourishment was well taken, and retained up to the thirty-third day of illness, 
when vomiting began and was a troublesome feature from that time on The 
\omiting was of the cerebral type without retching or nausea The bowels were 
constipated throughout the disease There was incontinence of urine in the last 
few days Pain in the back of the neck and in the legs was complained of at 
times A complete left-sided hemiplegia appeared on the forty-fourth day of 
illness This persisted with some improvement until death Ankle-clonus (now 
on one side, now on both) was noted at various times, both before and after the 
hemiplegia BabinskFs phenomenon was present only once, on the foity-eighth 
day, this was on the left side Kernig’s sign was present in the first days of the 
disease, but not very marked During the last few weeks of life the pupils 
were ividely dilated, but reacted to light Strabismus ivas present only toward 
the end and was due to independent movements of the eyes, not to paralysis 
The pupils were equal Toward the close they showed frequent alterations m si^e, 
becoming greatly contracted for short periods, even after the administration of 
atropin 

The heart w'as negative except for an occasional systolic murmur at the apex 
and at the base 

The spleen was only once plainly palpable 

The liver was not enlarged 

There was a marked hypersecretion of mucus in the mouth 

Uiine — ^During the latter part of the course of the disease there was often 
a heavy chalky deposit in the freshly passed urine, consisting of calcium phos- 
phate The urine at this time was alkaline There was a very slight trace of 
albumin and an occasional cast 

Blood — ^There was a leukocytosis May 20, 18,000, May 22, 34,000, May 27, 
28,000, May 31, 20,000, June 2, 16,000 A marked pallor developed in the latter 
part of the illness 

Tieatment — Early m the illness an attempt was made to influence the 
meningeal inflammation by the use of hexamethylenamin and of Flexner’s anti- 
meningococcus serum Neither of these was of real benefit Bromids per rectum 
proved useful in controlling the vomiting An autogenous vaccine was prepared 
from a pure culture of the mfluenza bacillus obtained from the cerebrospinal 
fluid Three injections were made, June 10, 13 and 19, dose, 30,000,000 to 50,- 
000,000 They seemed to have no effect on the disease The organisms for 
making the vaccine were grown in large bottom flasks In these flasks was 
plaeed°sufficient blood-bouillon to make a medium 2 cm thick By this means a 
large surface of the medium was in contact with the oxygen of the air 
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^ctenological Report— The fluid obtained from the lumbar puncture made 
by Dr Wentworth on the fourth day of the disease was turbid, and contained 
many leukocytes, mostly polynuclears, and a few delicate. Gram-negative, intra- 
cellular and extiacellulai bacilli The sediment obtained from centrifugalizing 
this tuibid fluid was smeared on the surface of agar agar plates streaked with 
fresh human blood From these smeais a puie culture of Bacillus influenza) 
was obtained Two weeks after the beginning of the illness, during which time 
the patient ran a septic tempeiature, a blood culture was made Ten cc or 
blood weie taken from one of the veins at the elbow Plates poured at this time 
averaged eight colonies of a pure culture of Bacillus influenza) to the plate 

The organism isolated from the cerebrospinal fluid and the circulating blood 
of this case corresponded in every way with the one obtained from Case 1 

Extract from the Protocol (H 09 456) — Dr Haythorn Body of a fairly well 
developed, emaciated female child, 110 cm long Over the entire body, with the 
exception of the palms of the hands and the ankles, there is a fine, dry desquama 
tion of the skin The axillary and inguinal lymph-glands are barely palpable 
The eyes are hollow Color is extremely pale Lips and mucous membranes aie 
very pale Mouth and nose are free from discharge Pupils are unequal, leit 
6 mm, light 7 mm in diameter Muscles of the thoiax and abdomen are'verj 
pale 

Peritoneal Cavity The surfaces are moist, smooth and glistening The 
mesenteric lymph nodes are somewhat hypertrophied, the laigest one measures 
1 5 cm in diameter They are firm and very pale 

Pleural Cavities Surfaces normal 

Pericardial Cavity Surfaces normal The cavity contains 9 cc of clear, 
straw colored fluid Pulmonary artery opened in situ contains semifluid blood 

Heart Weight 75 gm Endocardium normal Near the attachment of the 
aortic cusp of the mitral valve and on its ventricular surface there are tvo 
small, yellowish pin-point areas of thickening On the aortic suiface of the 
upper portion of the right coronary cusp there is a similar lesion The heart 
muscle is uniformly pale and firm Coronary aiteries noimal Foramen oiale 
closed 

Lungs Pleural surface normal Parenchyma is pale and crepitant throughout 
Both lungs show sliglit edema There are no visible or palpable areas of con- 
solidation 

Spleen Weight, 35 gm It is rather soft The cut surface is reddisli purple 
Malpighian bodies pi eminent Considerable blood adheres to the knife on 
scraping 

Liver Weight 642 gm Surface smooth Anatomical markings ire lairly 
distinct Bile-passages normal 

Kidneys Combined weight 132 gm Capsule strips easily, leaving a smooth, 
pale surface Cortex averages 6 to 8 mm in thickness and is lery pale The 
ureters are slightly distended in their lower thirds 

Adrenals, Aorta, Genital Organs and Pancreas Normal 

Gastro Intestinal Tract There is no evidence of disease Peyer s patches 


and solitary follicles are not prominent 

Organs of Neck The tongue is clean and pale Tonsils slightly hi pel - 
trophied, they show no acute exudation Lymphatic glands of neck are not 
enlarged Thyroid and laiynx normal Thymus weighs C gm is pale and 


lather soft 

Head External ears are free from discharge Scalp and calvarium ai 
normal The great longitudinal sinus contains very little blood Dural vesseL 
are "reatly flattened The brain is exceedingly tense and bulges through the 
incised dura Pial vessels are moderately injected The convolutions of tiie 
hemispheres are broad and flat, and the sulci are shallon There are a number oi 
irremilarh distributed, fairly sharply outlined, pale, broivnisli-yellou ana^ oi 
thickening of the pia These areas are larger ilong the course or the large 
bloodvessels The largest area=, of thickening are situated over the prttenf al 
comolutions and along the fissures of Svlvius The anatomical marking-, of tne 
bi=e OI the brain pons and medulla oblong ita are obscured by i grayi.h tm.gn, 
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fibious thickening of the meninges, ■which binds the pia to the overlying tissue 
This marked thickening of the meninges of the base of the brain begins anteriorly 
in the region of the optic commissure, extends backward along the crura over 
the infundibulum and corpora albicantia to the pons, surrounds the medulla and 
extends upward ovei the anterior poition of the cerebellum The cerebellai 
hemispheres are firmly bound together by dense fibrous connective tissue The 
ventricles are distended, the lateral ventricles contain 250 cc of clear, straw- 
coloied fluid which is under great pressuie When this fluid is drained away 
through an opening made at the base of the brain, the dome of the cerebrum is 
flattened and the ventricles are collapsed The circumference of the left lateral 
ventricle in its mid-poition is 12 cm The average thickness of the overlying 
brain substance is 1 5 cm 

Spinal Coid The pia of the spinal coid is greatly thickened, most markedly 
on one side It is tough and of a yellowish-white color This pial thickening 
IS most pronounced in the cervical region, extends a short distance along the 
posterior nerve-roots, and thins out in the lower portion of the cord The 
sinuses at the base of the brain contain a small amount of post-mortem clot 
Middle Ears Normal 

Anatomtcal Diagnosis — Chronic cerebrospinal meningitis, internal hydio- 
eephalus, chrome endocarditis — mitral and aortic valves 

Bacteriological Report — Cultures were made at the autopsy on media most 
favorable to the growth of Bacillus ^nfluenzce These cultures were taken from 
the heart’s blood, liver, kidney and spleen, meninges of the brain and cord, 
several areas in the cerebral tissue, and from the cerebrospinal fluid They 
weie all negative for the influenza bacillus 

Histological Repoit — Tissue for examination was fixed in Zenker’s fluid, 
10 per cent dilution of liquor foimaldehydi and alcohol 95 per cent, and stained 
by means of eosin and methylene-blue, Gram-Weigert and Mallory’s connective 
tissue stain and Mallory’s phosphotungstic acid hematoxylin, fat stain and Ver- 
hoff’s elastic tissue stain 

Lungs There are a few very small aieas of acute inflammatory reaction No 
organisms resembling Bacillus influenzae are present 

Kidneys, Liver and Heait These show a moderate amount of intracellulai fat 
The remaining organs are unimportant 

Spinal Cord Histologically the meninges of the spinal cord are greatly 
thickened by connective tissue which is infiltrated with lymphocytes This 
thickening is most marked throughout one side Peripherally the meninges of 
the cord show numerous newly formed blood-vessels, a fairly active process of 
organization The infiltiating cells are plasma cells and large and small lympho- 
cytes Besides the thickening and cellular infiltration of the meninges of the 
coid there are lesions of certain of the pial blood-vessels Some of the larger 
aiteiies show focal or diffuse areas of thickening of the intima This intimal 
thickening is most marked in the arteries that run along the anterior commissure 
and IS due to a dense connective tissue internal to the elastic membrane Tlie 
arteries sho'Wing these lesions have their lumina somewhat infringed on but 
none examined showed complete occlusion 

Cerebrum The thickened areas of the meninges of the brain show the same 
general picture as is seen in the thickened aieas in the pia of the cord The 
blood-vessels in these aieas of thickening show lesions similar to those in the 
cord One of the small arteries at the left side of the base of the bram is 
almost obliterated by fibrous tissue internal to the internal elastic membrane 
The I'umen of one of the smaller arteries in the pia covering the pons is replaced 
by dense fibrous tissue in which theie are several small openings lined with en o- 
thelial cells Some of these openings are filled with red blood-corpuscles None 
of the sections examined showed lesions of the blood-vessels of the brain substance 
itself 

The connective tissue thickening in the meninges of the cord and brain is 
due to the organization of an exudate The lesions in the blood-vessels most 
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probably have resulted from one of three changes first, they may be organized 
thrombi which have been covered by the endothelial cells Immg the blood-vessels, 
second, they may have resulted fiom a fibrosis following degenerations of the type 
seen in arteriosclerotic processes, third, some of them may be due to changes fol- 
lowing exudation beneath the endothelial lining of the blood-vessels Of the three 
causes suggested as an explanation of the pathological changes in the blood- 
vessels, numbers one and three are the most probable The lesion in the artery 
whose lumen has been replaced by connective tissue m which there are small 
spaces lined with endothelial cells and filled with red blood corpuscles, can most 
easily be explained as the result of the canalization of a thrombus Thrombi in 
the vessels of the central nervous system have been described in influenzal menin- 
gitis The organization of a smpll thrombus or a subendothelial exudate would 
explain the lesion in those vessels that show increase in connective tissue which 
is limited to a part of the vessel wall Subendothelial exudates occur in menin- 
gitis due to certain organisms and in the smaller blood vessels of animals that 
have been in3ected with Bacillus mallei or its toxin 

The important points in tins ease aie the cultivation of the inJluenza 
bacillus fiom the circulating blood and the ceiebiospinal fluid, the pro- 
longed course of the illness, the development of internal h 3 ''drocephalus 
and hemiplegia The hydioeephalus may have resulted from obstruction 
of the foramen of Magendie followmg the organization of meningeal or 
ependymal exudate To the hydioeephalus may be attributed the pupil- 
lary signs, the attacks of unconsciousness, with slowing of the pulse and 
respiration, and vomiting 

The acute meningitis in this case probably followed involvement of 
the upper air passages, as the earliest signs of infection were noted in 
this location It could not be deteimmed whether or not the intracranial 
infection occurred as a direct extension from the nasophaiynx oi its 
accessory sinuses, the middle ears, mastoid cells, or by way of the circu- 
lation There was neither elimcal nor post-mortem evidence of infection 
of the middle ears, mastoid cells, antra of Highmore oi basal sinuses 

The important points illustrated by these t^vo cases are the following 

1 The influenza bacillus may produce a meningitis m which tneie 
are extensive intrapial hemorrhages 

3 In influenzal meningitis there may be an acute inflammatory reac- 
tion about the blood-vessels in the brain substance These inflammatory 
changes may be related to some of the permanent lesions of the central 
nervous system folloiving some of the acute illnessess associated ivith 
cerebial symptoms 

3 Bacteiiemia ma}' develop m the course of influenza 

4 The organization of an acute exudate in influenzal menmgitis may, 
by interfering with the normal circulation of the cerebrospmal fluid, 
lead to internal hydrocephalus 

5 In chronic meningitis following acute mfluenzal meningitis the 
arteries of the meninges may show varj'ing degrees of increase in con- 
nective tissue internal to the internal elastic membrane 

6 Influenzal meningitis may be followed by paralysis of varying 
extent 
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The subject of heait-block has held a piominent position in recent 
medical liteiature Certain features of the following cases ot anriculai- 
ventiicular block appeal to me as deserving of record and discussion 
The} are taken fiom the records of the TTniversit}'^ Hospital and piesented 
in this form on the recommendation of Dr A W Hewlett, to whom I 
am indebted foi many valuable suggestions 

Case 1 — Eistoiy — B E M, 28, student, was admitted May 20, 1909, com- 
plaining of dizziness and dyspnea on exertion His family histoiy and habits 
weie good Two years previously lie suffered from a very seveie tonsillitis fol- 
lowed by acute rheumatism During the second week of his illness the heart-rate 
increased out of proportion to his illness, rising to 170 on sitting up There was 
no pain but excessive nervousness and a small goiter developed He improved 
on thyroidectin after seven months in bed, the pulse-rate dropping to 80-90 at 
the end of that time This rate has persisted since then though he has had 
occasional attacks of “heait hurry ” Two weeks previous to admission he had 
tonsillitis with little fever, and a week later the tachycardia returned with dizzi- 
ness and dyspnea After two days the heart-iate fell to 50, rose gradually to 90 
and then suddenly to 160 

Examination — Coloi good Skin moist and warm A small soft goiter, no 
thrill, no murmur, no eye signs Slight lagging over the right upper thorax, 
auscultation of lungs negative Some evidence of cardiac enlargement, a faint 
diastolic murmur noted in the pulmonary area Eadial pulse soft, large, and 
quick, with no irregularity 

Course of Disease — Within a few hours after admission a partial heart-block 
was noticed with I'ariable ratio between the auricular and ventricular rates, at 
one time a 2-1 rhythm persisted for a short time, but usually the ratio was 3-2 
The a-o intervals in seconds were estimated as follows 0 27-0 36-0 44-block, 

0 26-0 36-0 40-block, etc The shortest measured interval was 0 25 second 
and the longest 0 57 second Following 1/50 gr atropin the pulse became regular 
with an a-c interval of 0 27 -0 30 second Twenty minutes later there were 
five intermissions in one minute and five hours later the former arrhythmia 
had been resumed The following morning 1/100 gr atropin was given and the 
pulse became and remained regular 

Oct 25, 1909 All symptoms had disappeared, the orthodiagram showed a 
reduction of 9 per cent in the area of the heart shadow and there was no murmur 

Oct 19, 1910 The patient returned with an afternoon temperature, a chronic 
cough and definite signs on the left upper chest behind No tubercle bacilli were 
found He now complained of intermissions in the pulse associated with a thump 
in the pericardiac region causing a cough These were due to ventricular extra- 
systoles The pulse late ranged fiom 80 to 100 per minute 

The heart-block m this case may be ascribed either to nervous mflu- 
enees or to the infection, both of which are commonly recogmzed as 

*From the Department of Internal Medicine, University of Michigan 
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causes of dissociation It is to be noted, however, that the iiiegnlaiit}' 
followed a period of rapid pulse-rate which m itself may lead to partial 
heart-block as has been shown by Eilanger and Hirschfeldei ^ 

The prompt improvement under the admimstiation of atropin is 
convmeing proof of the presence of some vagus etfect The action of 
the drug was not the usual one, however, as may be seen from the follow- 


mg 

Date 

Time 

Auricular Bate 

Rhythm 

5/20/09 

At entrance 

110 

2 1 and 3-2 

5/21/09 

Before atropm 

110 

3 2 

5/21/09 

2 hrs after atropin 

95 

Regulai or occasional block 

5/21/09 

5 hrs after atropm 

90 

4-3 

5/22/09 

82 

Occasional block 

5/22/09 


72 

Regular 


The atiopin produced a disappearance of the block with an impioie- 
ment in the tiansmission time but the auiicular late has fallen lathei 
than incieased as is the usual eftect A similai expeiience in a case of 
partial block is recorded by GriflSn and Cohn ^ 

Case 2 — History — S M B , April 12, 1910, was admitted to tlie otological 
clinic for the radical mastoid operation Except for chronic alcoholism his pre 
vious history was negative On April 18, operation was deferred because of 
delirium tremens 

Operation — On May 9 patient was operated on under ethei anesthesia The 
lateral sinus was exposed, also the dura over the loof of the antium low down 

Course of Disease — ^The tempeiature fell to normal on the following day On 
May 15 the patient complained of sharp darting pains in the head and o\er 
the face The temperature rose to 102 2 and there was some evidence of infection 
in the wound An ii regular temperature persisted until the 24th On the 23d 
the pulse-rate fell to 48 in the presence of a temperature of 101 2 F and for 
four days the rate never rose above 56 A neurological examination on this date 
showed nothing On May 26 it was noted that the pulse was irregular as well 
as infrequent and a tracing was taken showing an incomplete block with a 3-2 
and 4 3 rhythm The range of the a c intervals was 0 27 0 42 second 

Before the action of atropin or mechanical stimulation of the vagus could be 
tried the pulse became regular and remained so thereaftei Tracings taken the 
following day were noimal with an average a-o interval of about 0 27 second 
During the several months’ residence in the hospital the nirhytlimia was neiei 
again observed 

The aribythmia m this case, as m the preceding one, was piobably 
due to vagus influence plus infection In the absence of neurological 
evidence we aie scarcely justified in assuming a local meningitis, or 
nutation of the vagus nerve Unfortunately we were unable to apply 
the atropm test before recovery although we were saved, thereby, from a 

1 Erlanger and Hirshfelder Physiology of Heart-Block in Mamnnls, Am 
Jour Phjsiol, 1906, xv, 153 

2 Griffith and Conn Eemarks on the Study of a Ca=e Showing a Greatlj 
Lengthened a c Interval with Attacks of Partial and of Complete Heart-Block, 
with an Imestigition of the Underh mg Pathological Conditions Quart Jour 
Med, 1910, 111, 126 
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piobable mismteipietation of our results as proptei hoc instead of post 
hoc in ease it bad resulted favorably 

Case 3 — Histoi y — ^Marcli 13, 1909, a musician, aged 54, came complaining of 
shortness of hreatli and edema He had all the features of a chronic interstitial 
nephritis with cardiac failure, relative murmurs, enlarged liver, chionie 
emphysema and a systolic pressure of 210 mm Hg As his condition was urgent, 
he was given 1 mg of strophanthin and its action controlled by plethysmogi aphic 
records No irregularity was noted during the short period preceding admin- 
istration of the drug Within two or three minutes after this the tracings became 
slow and markedly irregular, enough to give rise to considerable alarm on the 
part of the attendants The patient was not awaie of any change in his con 
dition 

At 5 30 (an hour later) phlehograms weie taken At the time these could 
not he interpreted, but they were later and in the light of clearei tracings recog- 
nized as those of partial block with a 3 to 1 rhythm, by the 17th tracings weie 
obtained which were recognized as those of a partial heait-block On the 20th 
1/100 gr atropin was given without recognizable influence on the arrhythmia 
Mechanical and thermic stimuli pioduced no deflnite change On March 22 digi- 
talis was resumed in doses of 80 drops of the tincture per day for five days The 
block still continued to come and go It did not seem to be aggiavated by 
digitalis 

The a-c interval was carefully estimated in a eonsideiable numbei of tracings 
The following are the averages for different rhythms 

During regular rhythm 17 - 22 sec average 20 

Occasional block 13- 22 up to 35-block 

3-2 rhythm 13- 24 block 

2-1 rhythm 17-block 

It IS wortby of note that tbe shortest a-c inteival (following a block) 
IS considerably sboiter than tbe usually accepted normal inteival and that 
tbe interval ^nst preceding tbe blocked stimulus shows compaiatively 
little increase over tbe normal 

James MacKenzie® first lepoited a paitial beait-block after giving 
members of the digitalis group, and this was later confirmed by numerous 
observers We believe this case unique in the suddenness of tbe onset 

The production of partial heart-block by digitalis is usuallv ascribed 
to tbe stimulation of the vagus inhibitory mechanism, especially where 
an abnormally long a-c mterval previously existed (MacKenzie'^) 
Cushny® suggests that direct action on the conductivity of the bundle of 
His may be an important factor since in animals a complete block induced 
by digitalis is often refractory to large doses of atiopin In partial 
block the vagus action in man has been shown to persist by the fact that 
block may be induced in some cases by vagus compression or even swal- 

3 MacKenzie Diseases of the Heart, London, 1908, p 180 

4 Mackenzie New Methods of Studying the Heart, Brit Med Jour, 1905, 
II, 587, 702, 759 , Clinical Methods of Recognizing Heart-Block, Brit Med Jour , 
1906, 11, 1107 

5 Cushny The Thei apeutics of Digitalis and Its Allies, Am Jour Med Sc , 
1911, cxii, 469 
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lowing EihP and H E Herring’^ state that in all previously reported 
cases of digitalis block the amieular late has been increased iWng the 
irregularity The case of A W Hewlett® seems to be the only exception 
to this rule 

This case under discussion showed this inciease in auricular rate in 
remaikable degree as may be seen fioin the following table 


Time 

Auric late 

Ventiic rate 

Rhythm 

At entrance — 




3/13/09 


125 

125 

Regular 

After stropliaiithiu — 




3/13/09 


162 

82 

2 1 

3/15/09 


98 

98 

Regular 

3/17/09 


120 

SO 

3 2 

3/18/09 


116 

82-116 

Variable 

3/26/09 


110 

110 

Regular 

3/27/09 


120 

280 

3-2 


It will be obseived that we have here the leveise of the paradoxical 
action of atropin recorded in oui first case, in that a drug which usually 
slows the auricle by vagus inhibition caused an increased auricular rate 
Moieover, the degree of the block varies with the auricular rate Hor 
does the exhibition of atiopin alter the picture to any considerable degree 
It has been suggested that the mechanical effect of the auricular stasis 
stimulates the sinus to more frequent stimulus production Tins by its 
tendenej to aggravate the block establishes a vicious circle which may be 
interrupted either by improving conduction or slowing the auricle 
From the reports of Bachman® rt appears that, m complete block, 
conditions are very difleient, since atiopin ju such cases increased the 
auricular without influencmg the ventricular rate and the digitalis bodies 
slowed the auriculai but increased the ventricular late, that is, the usual 
vaaus effect is obtained with both atiopin and digitalis, while the 
incieased ventricular rate with the latter is asciibed to direct musculai 
action 

Cv&E 4 — Uistoty — A B , 72, colored, came to the hospital April 29, 1910, 
coniplaiiiing of shortness of breath and weakness His first illness began seventeen 
\enrs ago w'lth symptoms of a uiethiitis and cystitis Three years ago, a reten 
tion de% eloped and suprapubic drainage for eight w'eeks was necessary About a 
month previous to his entrance to the hospital, he suddenly became unconscious 
as he was sitting quietly He fell to the floor and “believes he w'as paralyzed” 
Since then he had been short of breath, had coughed and grown weaker so that 
fill illy he went to bed There had been some pain below the left clavicle on 
deep breathing The left side had been tapped and considerable fluid drawn off, 
the patient did not know how much 

6 Rihl Klinischer Beitrag zur Kenntnis der Ueberleitungsstorungeii von der 
Bildungsstatte der Ursprungsreize zum Vbrhof, Deutsch Arch f klin Jfed , 
190S, xci\, 280 

THE Henng Verhandl d Congr f inn iledicin, 23 Congr , 1905, p 163 

S Hewlett Digitalis Heart-Block, Jour Am Med Assn, 1907, xlviii, 47 

9 Bachman Sphj gmogr iphic Study of Complete Heart-Block, The -VnctriVES 
I\T Mid, 1909, n, 238 
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ExanmiaUon — On entianee the bedside chait showed a tempeiatme with a 
maximum of 100 4 F, pulse 92, respiiations 22 The patient was orthopneic 
with maiked Cheyne-Stokes bieathing, cyanosis of the mucous membranes and 
full throbbing vessels Theie were signs of fluid in the left pleuial cavity, as 
high as the thud iib in front with numeious lales ovei the remainder of both 
lung areas The caidiac impulse was diffuse and might be seen as high as the 
manubrium and on the right side The apex-beat could not be located by sight 
or touch A slight diastolic shock was noted in the second left intercostal space 
The left boidei of the heait dulness was lost in the dulness of the fluid The 
light bordei was 6 cm to right of the median line Both sounds were distant 
at the apex and Avithout murmurs The aortic second was accentuated, also the 
pulmonic second The radial was thickened, laige, full and incompi essible 
Systolic blood-pressuie was 195 mm Hg The livei was enlarged, firm but not 
tendei oi pulsating There was no edema Deep leflexes were normal The 
urine showed faiily large amount of albumin, and microscopic pus Bed blood- 
cells numbered 4,810,000, white blood-cells 4,450, and hemoglobin was 80 pei cent 

Course of Disease — Three days later a diagnostic puncture furnished a light 
yellow fluid, specific gravity 1017 with 750 white blood cells pei cmm, nearly 
all of Avhich Avere lymphocytes, 40 per cent shOAVing badly degenerating nuclei 
The pleural fiuid gradually decreased undei depleting measures so that on the 
thiiteenth day in the hospital the apex could be located in the fifth left intei- 
costal space Avithin the nipple line The follOAVing extiact is taken from a note 
made by Dr Heivlett on that day “There is a veiy unusual variation in tlie 
quality of the fiist sound, most marked at the apex but heard ovei other parts 
of the heart At times it is loud and iinging, at otheis soft and muffled so that 
it can hardly be heard This does not seem to depend on respiratory movements 
The heart is quite iiregulai Avith no i elation between this and respiration 
The irregularity is much less noticeable at the Avrist and might easily be ovei- 
looked ” 

On the seventeenth day (May 5, 1910) a retention developed calling foi 
eatlieteiization The urine became scanty and highly albuminous and the patient 
died in uremia on the tAventy-eighth day (May 26, 1910) 

Autopsy Avas lefused 

The numeious polygrams fiom this patient fell into foui classes 
according to the time of ihythm 

Figure 1 represents the most frequent and persistent type and is per- 
fectly regular It is part of a long record which remained uniform foi 
eight minutes In this tracing the average c-c interval calculated from 
the carotid pulse measures 0 70 second with a minimum of 0 68 second 
and a maximum of 0 71 second The phlebogram shows a positive venous 
pulse, but the true character of the systolic elevation is not apparent until 
the II regular period at the end of eight minutes is studied 

This is shown in Figure 3, and represents the second type of arr'^th- 
mia, VIZ , with the ventricles irregular and the auricles regulai The a 
and c waATS are here easily lecognized and from the portion of the tracing 
immediately preceding and following this irregular stage the i elation of 
the fl and c wave is easily made out Throughout the records the c wave 
of the phlebogram slightly precedes the systolic use on the carotid, i e, 
the venous c wave is ^"protosystolic” (Bachman^®) The irregularity cov- 

10 Bachman Intel pretation of the Venous Pulse, Am Jour :Med Sc, 1908, 
cxxwi, 674 
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ers the period between the points maiked m and n, including four ventric- 
ular and five auricular systoles It will be noted that there is liftle change 
in the a-a intervals The value of the third a-a interval is estunated at 
0 66 second, although the summation of the a and v waves at this point 
makes its determmation somewhat pioblematic On the othei hand the 
c-c inteiwals have suddenly increased from an average of 0 70 second to 
0 96, 0 93 and 0 90 second respectively These values show a difPerence 
which IS veiy neai the limit of enoi and do not exceed the difference 
between successive values elsewhere in the tracing 

Figure 3 is a reproduction of a tracing taken while the pulse-rate was 
consideiably elevated It represents the third type of tracing with the 
auricles irregular and the ventricles regular The c-c interval is regular 
with an average of about 0 58 second coi responding to a ventricular rate 
of about 104 The phlebogram shows a strikmg alternation of high and 
low waves The former oeeui where the period of auricular systole over- 
laps that of ventricular systole Where this does not occur the excursion 
IS comparatively slight and the waves well differentiated In the twenty- 
three seconds lepresented m the tracing there are three more auricular 
than ventricular waves representing an auricular rate of about 113 as 
against a ventricular of 104 The a-a interval vanes considerably (from 
0 43 to 0 65) The same condition is more convmcingly shown m Fig- 
ure 4, taken on the previous day, when the pulse-rate was less elevated 
The average c-c interval is 0 75 second, corresponding to a rate of eighty 
pel minute The average a-a interval is 0 68 second, equivalent to ninety 
per minute Moieover, the a-a mtervals vary from 0 53 to 0 78 without 
any corresponding variation in the c-c mtervals 

Figure 5 is an example of the fourth type of tracing, in which the 
auricle and ventricle aie both iriegular The patient had received 60 
drops of tmcture of digitalis during the pievious thiity hours but similai 
tracmgs were obtained several days previously Ffext to the regular type 
of tracing illustiated in Figure 1, it is the most frequent form It wdi 
be noted that the c-c mtervals vary from 0 61 to 0 81 second in a ihyth- 
mical manner independent of the respiratory rhythm while the a-a intei- 
val IS subject to sudden and irregular changes 

Except in tracings of the first type it is apparent that we .iie dealing 
with some form of heait-block Wliethei the block is complete oi partial 
IS not so evident 

In the light of subsequent tracmgs, it is easily seen that m Figure 1 
we have a regular pulse with an unusually long a-c mterval as a result 
of uhich the a wave falls on the c wave of the next precedmg ventricular 
conti action The transition is well marked in Figure 3, and allows of 
no other interpretation 
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Tiacmgs showing a similar incidence of the a waves on the c waves 
have been reproduced by Wenckebach,^^ Griffith and Cohn,- Thayer and 
Peabod}^^- and otheis WenckebaclP® has applied the name of Voiliof- 
Pfropfung to this condition and finds the cause in the relation of the Or-c 
to the a^-a intervals Thus it occurs whenever these become approxi- 
mately equal whether from lengthening of the formei in disturbed con- 
ductivity or abbreviation of the latter in tachycardia Similar phenom- 
ena occui throughout the tracings from this patient 

It IS possible in any case of am icular- ventricular dissociation in which 
the auricular exceeds the venti icular rate to construct a diagiam showing 
the time relations of auricles and ventricles and by connecting judiciously 
selected points by slanting lines to assume the block of a numbei oi 
auricular impulses equal to the difference between the two lates Such a 
diagram cannot be taken as evidence of the tiansmission of any of the 
auricular stimuli to the ventricle since the relationship may be puiely 
accidental In a partial block we expect to find (a) the blocked impulse 
represented by a long interval in the carotid pulse, (b) the o-c interval 
increasing by a progiessively smallei increment up to the following block, 
and (c) the ‘^allorrhythmia” of Wenckebach in the radial in which the 
fiist c-c interval following the block is the longest of the transmitted 
inteivals 

Applying these criteria to the diagram in Figuie 2, we find the block 
represented b}' a c-c inteival of 0 96 second, which is within reasonable 
eirors the same as the following intervals, the inciease in the a-c intervals 
following are 0 20 and 0 24 respectively (increasing increments), and the 
second long beat is approximately equal to the first and third Two intei - 
pretations are heie possible, viz , the block is partial and the c-c intervals 
are so nearly equal by the accidental increase of the a-c interval, just 
sufficient to produce this, or the block is complete and the ventricles have 
taken an automatic regular rhythm 

A somewhat similar tracing showing only two long ladial pulse peii- 
ods was reproduced by Joachim^^ and interpreted by the ioimer hypoth- 
esis Estimated from these tracings as reproduced the longest a-c inter- 
val IS about one second while the precedmg intervals are not much above 
the normal Both Wenckebach^^ and Eihl® have questioned this interpre- 
tation and published similar mstances as showmg automatic venti icular 
contraction 

11 Wenckebach Beitrage zur Kenntnis der menschlichen Herztatigkeit, Arch 
f Anat u Physiol , 1908, Abtig , Supplement Band 53 

12 Thayer and Peabody A Study of Two Cases of Adams-Stokes Syndrome 
with Heart-Block, The Aechives Int Med, 1911, vii, 289 

13 Wenckeback Ueber eine kritische Prequentz des Herzen bei paroxysmaler 
Tachycardie, Deutsch Arch f klin Med , 1910, ci, 402 

14 Joachim Em atypischer Fall von Storung der Reizleitung in Herzmuskel, 

' Berl klin Wchnschr , 1908, xlv, 911 
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Gibson and Cohn^^ leport a somewhat similai ease with alternate 
diagnosis, selecting as most probable the one assuming an a-c inteiial 
exceeding one second Thayer and Peabody’s^- tracings aie somewhat 
similar and are interpreted as due to automatic ventricular contraction 
In the case under consideration the indicated a-c inteival of 0 90 
second is not greater than oceuis elsewhere where no other interpretation 
IS possible, while an automatic rate of sixty-six per minute, which is equiv- 
alent to the rate of the long periods, is exceptionally high except undei 
toxic doses of digitalis (Cushny'^) The tracings ot Hewlett and Bai- 
iinger^® aie interpreted as such efieets 

The thud type of tracings with iriegulai auiiele and apparently legu- 
lai ventiicle is still moie involved In Piguie 3, theie is absolutely no 
indication in the carotid of the location of the blocked stimuli The a-c 
interval fluctuates although tending to increase to an unceitain limit 
Where an a-c interval is shorter, however, than its piedecessoi it is found 
to correspond to a longer a-a interval, possibly because the His bundle has 
had the longer time to recovei The contrary is also found It seems 
improbable that these two factors should be so peifeetly balanced as to 
leave no evidence of the auiicular irregularity in the caiotid tracing 
The difficulty of recognizing the blocked auriealai impulse is not removed 
by a study of the values of the a-c intervals smce such short intervals as 
0 08 second shown in the diagram are quite incompatible with the inteival 
of 0 61 second during the regular periods (see Pig 1) The inference is 
that the ventricle m such cases responds to the stimulus of the next pic- 
ceding beat But where the series of OrC readings is 0 08, 0 08, 0 16 0 IS, 

0 20, 0 28, 0 34, 0 38, as occurs in the latter portion of Figure 3, theie 
is no good indication for selecting any stimulus as the one that is blocked 
The alternative of a complete block with an independent regulai rhjdhm 
IS very attractive in this connection, except for the unusualiv high fre- 
quency of the automatic ventricular rates of 113 per minute which it 
implies With the exception of the case reported by Hewlett and Bar- 
ringer^'* the rate of sixty-six in a case of complete heart-block repotted 
by Windle^® is the highest which has come to our notice 

In connection with a tracing showing similar rhythmical lariations 
in the size of the auricular wave, Wenckebaclfl^ has observed a variation 
in the intensity and quality of the heart sounds in e^ ery way sirailai to 
that noted by Hr Hewlett in the history and asciibes the Vorhof-Pfroj)- 
fung above described as the cause 

In Piguie 5 the difficulty of identifying the blocked stimulus is 
nearly as great There is, however, an added iriegulaiity of the caiotid 
which reflects moie or less perfectly the iiregulanty of the auiicle plu=: 

15 Hewlett and Barnngei Effect of Digitalis on the TentncuUr Fate in 
:Man, The AscinvKS Ixt Hed, 1910, v, 1 

10 Windle Permanent Complete Henrt-Block, Heart, 1010, ii I - 
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an occasional block Two alternative diagrams aie given as plausible 
interpretations of this tracing altbougli others are possible The relation- 
ship between the two rhythms is too close to allow of interpretation as 
complete block — it would be inconceivable that two independent rhythms 
should show similar fluctuations for any considerable length of time The 
long peiiods of regular rhythm are also incompatible with an independent 
ventricular rhythm 

SUMMAEV 

1 Two cases of paitial heart-block due to vagus stimulation or to 
acute infections or to a combination of these 

3 One case of partial block following the injection of 0 001 gm of 
strophanthin 

3 One case of partial block apparently cured by the use of atropin 
Two cases in which such injections produced no notable effect on the 
block 

4 When the block followed strophanthin the auricular rate was 
increased and when the block disappeared aftei atropin the auricular rate 
was lessened 

5 The last case showed partial block with the following peculiarities 

A Long periods of regular rhythm during which the auricles con- 
tracted during ventricular systole In such cases the ventricles responded 
to the stimuli coming from the previous auricular contractions, the a-c 
interval being about 0 60 second 

B Eepeated OrC intervals of more than 0 80 second 

C Auricular irregularity with such relations between the a-c inter- 
vals and the o-c increments due to fatigue that the ventricles showed no 
evidence of the auiicular irregularity 

319 Glen Avenue 



FEACTURE OF CERVICAL VERTEBEiE, RESULTING IN 
HYPOTONIA AND HYPOTHERMIA^^ 

HAVEN EjMERSON, MD 

NEW YORK 

The Injury— On the evening of Jan 28, 1911, a man was seen to fall fiom 
a subway station platform to the tracks, about 4 feet below, on his back He 
was lifted to a seat on the platform and a policeman who was notified called an 
ambulance On the ai rival of the ambulance surgeon, about fifteen minutes later, 
the man was found to be confused, and to be weak but not powerless in his legs 
The knee-jerks were piesent and his arms and trunk showed ample strength 
He could not walk and thei e was a smell of liquor on his breath, so he was taken 
to the police station, charged with intoxication 

The next morning the officer in charge found the man unable to stand, though 
less confused and able to give a fair account of himself The ambulance suigeon 
was called again and found the reflexes at the knees weaker but still piesent, 
and an increasing disability in the legs The man could use his aims and 
trunk to some extent He was brought to the piison ward at Bellevue Hospital, 
charged with intoxication but with a diagnosis of transverse myelitis oi possible 
fracture or dislocation of a cervical vertebra 

On admission on January 29, the patient nas semiconscious, roused latei, 
and became somewhat noisy His eyes were stupid and staring He gave a 
connected story of himself but had forgotten having gone down into the subway 
station He remembered walking along the street and feeling dizzy, and then 
coming to himself in the station house 

History — He gave a family histoiy as follows, and it i\as corioborated by 
his wife and his employer 

Father is living and well, occasionally subject to dizzy spells Mother died 
at 28 of tuberculosis Theie was one brother, who died at 44 of softening of the 
bram There has been tuberculosis among aunts and uncles 

He says he has nevei been sick except for an attack of gonorrhea fifteen yeais 
ago, has always been in vigorous health and a haid worker, never took medicine 
or was under a doctoi’s eare He is a porter by occupation, a negro, 38 yeais 
old, married and has no children He is accustomed to use beer moderately and 
gin occasionally in his home oi at the house of friends He is not a usei of 
tobacco Uses tea and coffe in moderation 

Examination (Januaiy 30) — An unusually uell nouiished and well developed 
negro, with a u ell sliajied head and intelligent face Nothing abnormal u as 
found, except a distended bladder, evidence of injury at the back of the neck 
and extensive motor and sensory paralysis There was a temperature of 97 8, 
pulse 58, respiration of 20 in the minute, pulse small and easily compressible 
There was incontinence of feces and retention of mine, no difficulty in swallowing, 
breathing of diaphragmatic type 

There was no interference with any of the special sense organs, but there 
uas a persistent and equal contraction of the pupils, so extreme that but slight 
response to light could be elicited 

•Report was read at the meeting of the American Society for Clinical 
Imestigation, Maa S, 1111 

•This case is reported irom my term of sen ice as physician to the alcoholic 
and prison awards or Belleaue Hospital, and the clime il observation^, were cor 
roborated by Dr V H Nome, visiting phv«ician to Bcllevaie Hospital 
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From the region of the fifth to the seventh cervical spines theie was mod- 
el ate tenderness with acute pain on pressure where the sixth spine should have 
been felt Owing to the heavy musculature, proof of mobility or crepitus on pal- 
pation could not he obtained Theie was least discomfort when the head was in 
extension There was moderate muscular spasm of the posteiior neck muscles 
Theie was little subjective discomfort at the sight of injury The skin was intact 
Without going into the details of the paialysis, it suffices to state that there was 
a loss of muscular sensory and reflex power below the level of the distribution of 
the sixth cervical nerve roots 

There was a sharp line of loss of power and sensation, and leflexes were abol- 
ished below this level, loughly complete paralysis below the clavicles and of the 
aim muscles, except the supinators and deltoid 

There was no zone of hypeiesthesia 

Lumbar punctuie showed bloody fluid under no tension 

X-ray taken Januaiy 31 showed fiacture of the posterioi aicli of the sixth 
cervical vertebra 

Treatment — Surgical advice obtained was unfavorable to opeiative inteifer- 
ence Treatment consisted of attention to the bladder and general nursing care 
On the nights of February 1 and 2 atropin, gr 1/100, was given hypodermically 
on four occasions to assist the lespiration which became suddenly labored and 
dyspneic 

Course and Teimination — The patient remained aleit and intelligent and in 
but moderate discomfoit The pain in the back of the neck gradually increased 
fiom day to day On the morning of Febiuary 3 there was a sudden increase in 
dvspnea There were signs of accumulation of fluid in the lungs and the patient 
died of failure of respiiation at 6 15 a m 

From the time of admission for forty-eight hours the temperature ranged 
f 10111 97 8 to 96 2 F After that the temperature deep within the lectum (3 
inches from the anus) was always a little over or under 90 F 

The pulse ranged from 80 to 44, the latter rate being recorded five hours 
befoie death, it was always small and compressible The respiration ranged fiom 
18 to 24, the late being 26 foi a few hours before death 

The blood-pressure was not taken until January 31, and it was then 88 
mm Hg On othei occasions it varied but a few millimeters from 90 

Eeciopsy — ^The necropsy, performed at 11 a m, Febiuary 3, by Dr Otto 
Schultz, confirmed the diagnosis There was ecchymosis in the deep muscles of 
the neck posteiioily Theie was a complete separation of the posterior arch of 
the sixth cervical veitebia with an overriding of the seventh on the sixth, and a 
fiaetuie without displacement of the light side of the aich of the fifth cervical 
vertebra where the arch leaves the body of the vertebra There was gioss evi- 
dence of injury to and slight softening of the cord at the site of the injuiy, i e , 
between the sixth and seventh vertebrie Theie w'as a little blood in the spinal 
canal The brain and coid were lemoved for subsequent study There was no 
evidence of edema in the lungs Nothing was found to explain the dizziness pre- 
ceding the accident 

Theie were no lesions found in any other organs wdiieli bear in any way on 
the lepoit of the case 

I lia\e tound no lepoit ol a case of fiartuie of tlie spine in which 
low temperature and low blood-piessuie were observed, nor have I been 
able to learn of such observations by personal inquiry and correspond- 
ence with surgeons who hare had much expeiience in spinal suigei} 
Such h}potheiinia and hypotonia should follow complete se\erance of 
the cord just below the phrenic nerve origins such breaks in the 
connection between the inedulai} vasomotor and heat legulatmg centers 
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and so laige a pait of the body, all vasomotor tone and heat regulation 
in the body below that part should be abolished It is a common 
physiological observation that section of the cord at the sixth cervical 
vertebra in dogs and rabbits and cats will cause an immediate fall in 
blood-pressure, which is only in part recovered from in these animals 
by resumption of vasomotor control by the subsidiary spmal and 
ganglionic centers below the point of section What is less known is that 
Hebelthan in 1895 found, on section of the cord in rabbits between the 
sixth and seventh cervical vertebrae, that there was a prompt and 
marked fall in body temperatures and that this is due to a marked 
diminution of heat production and heat elimination After section of 
the cord m this way he was unable to develop fever in spite of injections 
of erysipelas cultures of the pig In 1881 Mendelson^ found the same 
fall in temperature as a result of Ihe effect of morphin, chloral and 
curare in dogs and the same failure to develop fever by the mjections of 
pus, hay infusion, and pepsin in such animals In both cases theie is 
apparently an interference, in Hebelthau’s" cases, with the path from 
the centers to the periphery, and in Mendelson’s eases, with the activity 
of the centers and the ability to cause muscular contraction 

The case above reported seems to give clinical support to two 
important experimental observations in spite of the absence of control 
records Unfortunately I cannot offer records of the temperature and 
blood-pressure in my case before the accident Two clinical lessons may 
be drawn from this case Eirst, that in the injuries to the cord in the 
vicinity of the sixth and seventh cervical vertebrae the presence of hypo- 
thermia and hypotonia would go far to prove that there was a com- 
plete separation of the cord from the medulla, oi that even if there were 
sensory and motor paralysis pointing to a complete transverse lesion of 
the cord at that level, there would be a fair inference that the separation 
or destruction was not complete if hypothermia and hypotonia were 
absent By separation I mean functional and not necessarily anatomical 
Second, that it will be well to be on our guard against the existence of 
complicating lesions in such cases as I have reported because it would 
seem quite possible that even severe inflammatory processes usually 
accompanied by fever might occur without the warnmg of a rise of 
temperature It is possible that the slow heart rate in this ease was a 
secondary result of the low temperature, for one should have expected a 
compensator}' increase of heart rate in a patient with such a low blood- 
pressure and the lesion did not involve the reflex cardiac nervous 
mechanism at all 

120 East Sixty Second Street 


1 Mendelson Am Jour Med Sc, 1883, new senes, Lxxxvi, 380 

2 Xebelthau Ztschr f Biol , 1895, new senes, xiu, 293 



THE EELATION BETWEEN ACUTE INFECTIOUS DISEASES 

AND AETERIAL LESIONS'^ 


CHAKlSriNG FEOTHINGHAM, Je, MD 

BOSTON 

The object of this study has been to find whethei, dm mg the conise 
of the diffeient acute mfectious diseases, any geneial lesion can be found 
in the arterial system which seems surely to be the result of the toxins 
of the disease or of a wide-spread distribution of the infective agent 
Euithermore, it such a lesion does exist, is it of a kind that will result 
on healing in a permanent injury to the arterial system ^ 

That the infective agent may lodge locally in tlie arterial wall has 
been shown by the reports of cases in which the tubercle bacilli and the 
spirochetes of syphilis have been found in human arteries Wooley^ 
has recently reported a case and refers to the other cases reported in 
which the tubercle bacilli have invaded the intima of the aorta in one 
01 more places from the blood stream Wright^ and Eichardson were 
among the first to demonstrate the Trepomma pallidum m the wall of 
the aorta in syphilitic aoititis Also, as Oslei points out in his ^^Modern 
Medicine,” localized acute arteritis may occur in which the invading 
organism can be demonstrated Ehea® recently reported lesions m 
arteries of the meninges in a case of hydrocephalus and biam abscess, 
following an acute influenzal meningitis This lesion consisted m 
marked connective tissue thickening of the intima, occluding moie than 
half the vessel’s lumen In this case no organisms were found in the 
arterial walls, so it is not known whether these lesions were due to the 
actual presence of the influenza bacillus oi to concentrated toxic action 
followed by thrombus formation and organization Eobertson^ and 
Chesley describe a degeneration in the vessel walls in the spinal cord in 
cases of acute anterior poliomyelitis Here again it is uncertain whether 
this action is due to the actual presence of some organism or to some 
toxin Thus it IS evident that mfective agents and possibly their toxins 
may cause local lesions of a permanent character in arteries The next 
question is whether these agents or toxins can cause a diffuse lesion In 

*From the Laboratory of the Department of Theory and Practice of Physic, 
Harvard University Published with the approval of the committee as work 
done undei a Bullard Fellowship 

1 Wooley Bull Johns Hopkins Hosp , 1911, xxii, 82 

2 Wright and Eichardson Boston Med and Surg Jour , 1909, clx, 539 

3 Ehea Eeported American Assn Path and Bact , 1910 

4 Eohertson and Chesley The Abchives Int ilED, 1910, vi, 233 
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the liteiatuie almost all of the infections diseases are accused of causing 
degenerative oi pioliferative changes in the aoita and other vessels Thus 
Oslei in his ^“^Modern Medicine” in the chapter on arterioscleiosis con- 
sideis that the acute infections form one of its etiological factois He 
says that in scailet fever, measles, diphtheria, small-pox and influenza 
foci of aiterial degeneration ocenr with great frequenc} In typhoid 
fever areas of necrosis and fatty degeneiation are met in the aoita 
Huchard® in 1891 and his school considered that the acute infectious 
diseases of childhood were largely responsible for the arteriosclerosis of 
adult life Hofbaner® in 1903 reports on the development of arteiio- 
sclerosis in a boy of 17 after an attack of measles Thayei^ and Thayer® 
and Brush in 1904 present evidence that there is some relation between 
typhoid fever and alcoholism on the one hand and the development of 
arteriosclerosis on the other Wiesner® found extensive calcification in 
the coronary arteries of young people following endocarditis or prolonged 
osteomyelitis WieseB® made extensive studies of the heart and blood 
vessels of young persons in typhoid fever, scarlet fever, measles, diph- 
theria, sepsis, pneumonia and osteomyelitis He found in thirty out of 
300 autopsies signs of arteriosclerosis in both larger and smaller vessels 
The lesions in the media were similar to those found in experimental 
arterial disease in rabbits Adami^^ agrees that in burns and acute infec- 
tions it IS common to find fine fatty streaks in the aorta Freraont- 
Smith^® considers that arterial disease is common in the young and that 
the media is usually primaiily involved S 5 'mnitsky^® in 138 autopsies 
on people under 35 years of age who died of acute mfections found 
sclerotic changes in the aorta in thiity-eight If patients under 3 years 
of age were left out in which he found no lesions, the sclerosis in the 
aoita occurred in 48 per cent of these cases 

Tur nin g to the experimental side, there is considerable evidence in 
favoi of the possibility of toxms or their causative agents producing 
arterial lesions Aftei injury to the aoita, Gilbert^* and Lion in 1889 
succeeded in causing aortic lesions by the injection intravenouslv of 
tjphoid bacilli and a malignant bacillus isolated from a human case 
Since that time several authors have published reports of the successful 
pioduetion of arterial lesions in rabbits by the use of different toxins 

5 Huchard Eev gCn de dm et de thSrap , 1891, v, 637 

b Hofbauer Wien klin Wchnschr , 1903, xvi, 983 

7 Thayer Am Jour Med Sc, 1904, cxxvii, 391 

8 Thayn and Brush Jour Am Med As&n , 1904, \liii, 726 

9 Wiesner Wien klin Wchnschr , 1906, -vix, 725 

10 Wiesel Wien klin Wchnschr, 1906, xi\, 723 

11 Adami Am Jour Med Sc , 1909, cxxxvin, 485 

12 Fremont Smith Am Jour Med Sc, 1908, cxxxv, 199 

13 Sjmnitsky Ztschr f Heilk , Prague, 1903, xxn, 177 

11 Gilbert and Lion Compt rend Soc de biol , 1889, p 583, Arch de m<kl 
evper et d’anat path , 1904, xvi, 73 
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or bacteria Among these the following names appear frequently 
Crocq/®' Pernice/® Theiese/'^ Boinet and Eomaiy/® Salty kow/'’ Klotz/® 
and Du Yal-^ Ellotz finds that different bacteria act differently 
Typhoid bacilli and stieptococci caused fatty degeneration of the sub- 
endothelial tissue and also pioliferation, while on the other hand diph- 
theria bacilli pioduced only a degeneiative lesion Du Yal obtained a 
proliferation of the endothelium with infections of attenuated glanders 
bacilli Others mention round cell infiltration in different layers of the 
arterial wall 

Most of the experimental woik has been done on rabbits Adler-- 
says that arterial disease has been repoited in the ox, hoise and dog 
A few of the expeiimenters have used guinea-pigs and other animals 
as well as rabbits, notably Pei nice, Boinet and Bomary, and ThMese 
From the above repoits on human cases and experiments it seems 
fair to assume that acute infectious diseases may cause some pretty gen- 
eral lesion throughout the aiteiial system, either from the diffuse action 
of toxins or from a wide-spread invasion of the arterial system by the 
infecting organism The exact nature of these lesions in human cases 
and their final result has not been so well worked out In order to throw 
some light on this phase of the question this study was undertaken 
Pieces of tissue from the aorta, spleen and kidney were taken at 
random The tissue had been preserved m ZenkePs fluid and 10 per 
cent liquor formaldehydi The Zenker’s fixed material was mounted in 
paraffin, cut and stained with eosin and methylene blue, and Yerhoeff’s 
elastic tissue stain The formalin fixed mateiial was cut by the freezing 
miciotome, and stained with Scharlach E for fat The Scharlach E 
stained material was veiy carefully studied as the presence of fat drop- 
lets in cells of the arterial walls is one of the earliest signs of injury 
It was thought that tissue taken at random from these three parts of 
the body would show as well as any tissue a general lesion to the arterial 
system away from the site of the active process of the acute infection 
At first, tissue from people of all ages was studied, but it was soon 
found that the majority of people above 25 years showed the same arte- 
rial lesions whether they died of acute mfections or chronic disorders, 
and furthermore, that these lesions weie very similar to those seen dur- 
ing some acute infections in young people 

15 Crocq Arch de iii6d exper et d’anat path , 1894, vi, 583 

15 Pernice Atti d r Accad d scienze med in Palermo, 1895 

17 Th6r6se These, Pans, 1893 

18 Boinet and Bomary Arch de mSd exper et d’anat path , 1897, ix, 902 

19 Saltykow Zieglers Beitrage, 1908, xliii, 147 

20 Klotz Brit Med Jour , 1906, 2, 1767 

21 Du Val Jour Exper Med , 1907, ix, 241 

22 Adler Am Jour Med Sc, 1908, cxxxvi, 241 
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In people above 30 years the following lesions were pretty consist- 
ently present In the aiteiies of the kidnej^s there were fat droplets in 
the muscle fibeis of the media and occasionally in the mtuna In addi- 
tion there was frequently an mcrease m connective tissue of the intima 
The spleen showed a hyaline-like change in the walls of its smaller 
arteries usually mvolving the intima and occasionally mvolving the 
media Around the hyaline mateiial there was no cellular reaction, and 
it took the fat stain rather feebly In the muscle fibers of these and 
larger arteries there were fat droplets In the media of the aorta fat 
droplets were present in the muocle fibers In the intima there were 
thickened areas, and in these thickened areas fat Also theie was fat scat- 
tered pretty generally along the mtima At the places m the media 
corresponding to the thickened places in the intima the fat dioplets 
were much more frequent m the muscle fibers suggesting a more marked 
degeneration of the muscle at these pomts In the thickened intima 
endothelial cells were frequently present and around the vasa vasorum 
round cell infiltration in slight amount occurred 

Ho other lesions which could be attributed to acute toxic action were 
noted In some cases marked mcrease in fibrous connective tissue occur- 
red which at times replaced the muscle to considerable extent In othei 
eases calcareous spots were found It seemed reasonable to assume, how- 
ever, that these lesions were the result of some former process, and not 
due to an acute infection 

Between the ages of 30 and 65, three cases of typhoid, one of pneu- 
monia, one of sepsis, and four of local or general peritonitis were studied 
as representatives of acute infections, while five cardiac cases, two of 
nephritis, one of cancer, one of aneurism and one cerebral case as exam- 
ples of chronic non-infectious disorders From a study of these cases 
it soon became evident that the lesions described above were quite gen- 
erally distributed through both senes, and that in oidei to draw any 
conclusions m regard to acute infections, selected cases should be studied 
in which chronic disorders could be practically eliminated 

Bor this purpose a senes of fifty-six subjects under 35 years of age 
were studied Most of them died from acute infectious diseases, but 
there were a few infants and others who died of non-infeetious illnesses 
there iveie a few infants and others who died of non-infeetious illnesseft 
each of these fifty-six cases it was not possible to obtain tissue from 
all the tliree parts of the body which had been preserved in both fixa- 
tives Six cases of tuberculosis veie studied, one of which was that of 
an mfant li/j years old The arteries in this infant were negative 
throughout; a fact which was noted in practically all the infants, no 
matter what was the cause of death In the kidneys of the remaining 
five subjects there was an increase in the connective tissue of the intima 
of the arteries in three, and in these cases fat dioplets were present in 
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the muscle fibeis of the media The other two cases showed apparently 
normal ai tones m the kidney Of these two only one was stained for 
fat, and that was negative In the spleens of these hve cases a hyalme 
degeneration of intima and media was present which took a feeble fat 
stain In foui of the five, fat dioplets were present in the media muscle 
fibers Only three aortas were preseived They all showed a thicken- 
ing of the intima In two of these formalin tissue was preserved, and 
they showed fat m the intima and fat droplets throughout the muscle 
fibers of the media 

Two cases of typhoid fever weie studied The arteiies in the kidney 
appeared normal except for a very rare fat droplet in the muscle fibers 
In the spleen one showed a slight hyaline degeneration with no droplets 
of fat in the media fibeis, and the other showed no hyaline degenera- 
tion and an exceedingly raie fat dioplet m the media In the aorta of 
both there was a slight increase in thickness of the intima with fat pres- 
ent and fat droplets in the muscle fibers of the media These subjects 
were 21 and 24 years old, and are valuable as controls in that their renal 
and splenic arteries were so nearly normal 

Of four pneumonia eases, one was in an infant 10 months old which 
showed normal arteries throughout Another patient was 1% years old 
In this case there was no aorta preseived The renal arteries were nega- 
tive and also the splenic vessels except for a slight hyalin degeneration 
The other two cases showed an increase of connective tissue in the renal 
arteries with fat dioplets in the muscle fibers In the spleen there was 
hyaline degeneration which took the fat stain in both cases, and one 
of them also showed fat droplets in the muscle fibers Both aortas showed 
an increase in the thickness of the intima with fat present and fat drop- 
lets in the muscle fibeis of the intima 

Three of the ten diphtheria patients were under 2 years of age, and 
showed normal arteries throughout, although the spleen and aorta weie 
only preserved in two Of the lemaimng seven cases, six showed nor- 
mal kidney arteiies, and one showed a slight increase in connective 
tissue and fat droplets m the muscle fibers This patient was 25 years 
old, however In the spleen all seven cases showed hyaline degeneration 
which took the fat stain, and three of them showed fat droplets in the 
muscle fibers of the media The mateiial from the aorta in this senes 
was lather scanty Eoui out of five showed thickenmg of the intima 
Bive out of SIX showed fat in the intima and two out of six showed fat 
droplets m the muscle fibers of the media 

The next group of twelve is composed of septic cases such as peri- 
tonitis, osteomyelitis, endocarditis, bronchopneumonia, etc Of these 
twelve, one only showed a suggestion of increased connective tissue m 
the kidney aiteries, and two only showed fat droplets m the muscle 
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fibeis of the aiteiies Seven cases showed the usual h} aline degenera- 
tion in the splenic aiteries and five did not Onty one of these twelve 
shelved fat droplets in the muscle Ten aoitas in this gioup weie eiam- 
ined, of which six showed some thickening in tlie intiina with fat drops, 
while m four the intima was apparently normal Two ot the ten showed 
fat droplets in the muscle fibeis of the media 

In two cases of measles, the subjects being nndei 2 veais of age, 
the arteries were normal in all the tissues examined 

One case of acute poliomyelitis presented normal aiteiies Another 
iihich was complicated with status lymphaticus shoved normal lenal 
aiteiies, normal splenic arteiies except for slight hyaline degeneration, 
and in the aorta thickening of the intima with fat diops, but no fat 
droplets in the media 

Two cases of meningitis, one of which was a chionic influenzal men- 
ingitis, were normal throughout The influenzal case is interesting, as 
it IS the same case that is mentioned above m which Di Ehea found 
lesions in the meningeal vessels which strengthens the view that tovins 
may act locally and not in a general manner 

Three cases of bronchopneumonia in infants showed noimal aiteries 
Of two patients with seailet fever, one aged 3 showed normal arteries 
throughout The other showed necrosis of the whole arterial wall with 
fibiin formation and cellular reaction in some of the renal vessels, while 
the other renal vessels were apparently normal These necrotic vessels 
showed fat present In the splenic arteries theie was slight hvalme 
change which took the fat stain but no fat droplets in the muscle fibeis 
The aoita appeared normal with the eosin and methjlene-blue stain 
Theie was no formalm material from which to make a fat stain 

One case of glanders in a man 25 years old shoved normal amount 
of connective tissue in the lenal aiteiies but fat droplets in the muscle 
fibeis The splenic arteiies showed hyaline degeneiation but no drop- 
lets in the muscle fibers In the aoita the intima vas thickened and 
had fat in it, and the muscle fibers of the media contained droplets which 
weie much moie maiked close beneath where the intima was thickened 
Five infants undei 9 months who died from such obscure causes as 
inanition, ileocolitis, petechial hemorrhages, etc , failed to show any 
lesions in the aoita oi aiteries of the kidney and spleen 

Five cases, one chronic nephiitis, one hjdiocephalus, one congestion 
and edema of lungs, and two cardiac cases, were used as controls Of 
these five, the nephritis case alone shoved a lesion of the renal vessels 
This case shoved connective tissue increase in the aiteiial vail and fat 
droplets in the muscle In the spleen, two of the five shoved the usual 
hvalme degeneration, and one ot the lour in winch theie was lormal- 
dehvd tissue shoved fat droplets in the media mu=cle fibers In the 
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aorta the intima was thickened in fonr cases^ and these cases showed 
fat in the intima These fonr also had fat droplets in the muscle fibeis 
of the media The other one showed a normal aoita 

Fiom a study of these fifty-six subjects it is evident that the same 
lesions exist in then arteiies as in the oldei subjects that died of acute 
or chronic diseases Therefore^ theie is no geneial aiterial lesion pecu- 
liar to the toxins of the acute infectious diseases As no evidence of 
bacteiia was found in any of these lesions it seems probable that these 
lesionS;, if due at all to the infectious diseases^ must be the result of toxic 
action 

A peculiai featiiie in the action of toxins is showed in the scailet 
fevei case in which pait of the lenal aiteiies were normal, while others 
showed extensive neciosis Appaiently in this case the toxin had a 
selective action for certain of the vessels A study of this case in detail 
will be leported in another communication 

The facts that practically no lesions weie found in cases under 2 yeais 
of age, that the lesions differed in the different tissues, and that the 
arteries in the thiee sets of tissue weie not equally affected in each case, 
argue against the supposition that these lesions are caused by toxins of 
the abute infectious diseases 

On the other hand, the frequency with which these lesions occiii in 
certain groups of cases makes it seem very piobable that there is a i ela- 
tion between them and the acute infectious diseases 

In considering only the acute infectious cases (infants and others), 
the kidney was studied in foity-six cases, in seven of which there was 
connective tissue increase and in eleven fat dioplets in the media Eight 
of the eleven cases with fat droplets were in cases of typhoid fever, tubei- 
culosis, pneumonia and glanders These patients, however, weie all 
nearly 25 years old It seems reasonable, theiefore, to state that as a 
result of acute infections connective tissue mciease in the renal arteries 
IS not to be expected, noi is any fatty degeneration of the media probable 
except possibly in typhoid fever, glandeis, pneumonia and tuberculosis 
In this senes the spleens from forty-five eases of acute infection 
weie examined Of these, twenty-six showed a hyaline degeneiation 
involving either the intima oi media oi both, which lesion stained poorly 
with the fat stain Ten of the foity-five showed fat droplets in the 
muscle fibeis of the media The hyaline change oceuired in 100 pei 
cent of the cases of tubeiculosis, pneumonia, diphtheria and glandeis 
with the exclusion of subjects under li/^ jeais 

In the septicemia group only 58 pei cent showed this change The 
fat droplets ot the media fibeis were more unevenly distiibuted (as 
legards the disease) than in the renal aiteiies, and therefore are e\en 
less characteiistic of acute infections than in the lenal arteries On 
tlie other hand, the hi aline change seems quite characteristic of cer- 
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tain acute infections, and must have some relation to the toxins of the 
disease, because in some long illnesses in which metabolic disturbances 
might he expected it does not occur 

The aortas were examined in thiity-six cases, twenty-one of which 
showed thickening of the intima with fat in nineteen of them The 
fat was usually more marked in the thickened areas Eleven of them 
showed fat droplets in the media muscle fibers In 100 per cent of the 
cases of tuberculosis, typhoid, pneumonia and glanders, with the excep- 
tion of subjects under years, the mtimal lesion was present It 
was present also in most of the diphtheria and septic cases Here agam, 
as there were eases of other acute illnesses in which the lesion did not 
occui, it seems probable that there is some relation between the acute 
infection and the lesion 

The next point to consider is what will be the final result of these 
lesions Will the lesion on healing leave the arterial system permanently 
impaired ^ 

The lesion of the fat droplets in the muscle fibers of the media should 
clear up without permanent mjury except in those fibers in which actual 
necrosis has occuned If necrosis has occurred there is probably some 
injury also to the fibroblasts, and connective tissue replacement of the 
necrotic muscle will occcur 

The hyaline degeneration in the intima and media of the splenic 
arteries probably will not leturn to normal without leaving some sclerosis 
In the intima of the aorta, fat without thickening may return to nor- 
mal without leaving permanent evidence of a former lesion, but when 
the intima is thickened, either from edema, mfiltration with endothelial 
cells containing fat, or connective tissue overgrowths, it probably ivill 
not resume its former condition, but will always show more or less 
sclerosis Therefore, these lesions, which from their frequency probably 
beai some i elation to acute mfectious diseases, may leave a permanent 
change in the arterial system 

If, as some assert, the arteriosclerosis of old age is due to piessure 
lelations, it is perfectly possible foi these above described lesions to 
impair the elasticity of the vessel walls and change the size of the lumen 
of the vessels and thus effect the pressure relations The sclerosed 
patches resulting from these lesions may impair the nourishment to the 
arterial wall so that a graduallj progressing degeneration of the arte- 
iial system goes on which may be the cause of arteriosclerosis of old 
age The scleiosis of old age may simply be a summation of lesions of 
this natuie ansmg from mfections or metabolic toxins m which ease 
these lesions would play their share in the formation of the arterio- 
sclerosis of old age 

On the other hand, these lesions, after becommg sclerosed, may have 
no further effect on the arterial system The arteriosclerosis of old age 
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may be a disease which has an etiology entirely independent of any of 
the above-mentioned factors 

At the time when this study of human material was being carried 
on, an attempt was made to produce lesions m animals by the use of 
toxins As so much discussion has been raised over the use of rabbits 
for experimental aiterial lesions, gumea-pigs were used in this woik 
Some experimenters have used this animal and report positive results 

Gumea-pigs under 3 months of age were in]ected with vaccmes of 
typhoid bacilli and staphylococci These vaccmes were not especially 
virulent, and could be given m large doses without causing the death 
of the guinea-pig Three pigs were mjected on five successive days 
with doses varying from 2,500 to 5,000 million dead staphylococci, and 
three others on the same days with from 2,500 to 7,000 million dead 
typhoid bacilli On the sixth day these animals were killed instan- 
taneously without anesthesia, together with three control animals Tis- 
sue from the aorta, kidney and spleen was pieserved, cut and stamed 
]ust as the human material No lesions were found in the vessels of 
either set of animals nor m the controls, except m the aorta of one 
guinea-pig m 3 ected with staphylococci, in which a thiekenmg of the 
intima with connective tissue at one place occurred Thiee gumea-pigs 
were also mjected with the same amount of staphylococcus vaccine, and 
three others with the same amount of typhoid vaccine twice a week over 
a period of two months in order to see if a more prolonged action would 
have any efiect Both these sets of pigs were smaller and thinner than 
the controls kept under the same conditions, which suggested that these 
animals weie mfluenced by the action of the toxms These pigs and 
the controls were killed, and their tissues preserved and studied m the 
same manner as the others, but no lesions were discovered m the arteries 

Some experiments were done with white lats by mjectmg livmg cul- 
tures of diphtheria and typhoid bacilli and staphylococci, and also by 
m] actions of 95 per cent alcohol A few of the lats were quite old and 
the others young As no arterial lesions appeared m any of the animals, 
the details of the experiments will not be recorded here 

It seems fan to conclude that m certain of the acute infectious dis- 
eases, diffuse arterial lesions exist which may be the result of toxic action 
In other acute mfections no arterial lesions occur Some of these lesions 
will xmdoubtedly leave on healmg a permanent scleiosis in the arterial 
system 

Toxms will cause arteiial lesions locally at the site of the active 
process of the infectious disease (othei authors) or locally in some dis- 
tant organ such as the kidney, as was seen m the above case of scarlet 
fever. 
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Of the acute infections, diphtheiia, pneumonia, tuberculosis, t5'phoid 
and glanders seemed most consistently to have associated with them 
general lesions in the aiteries of at least one of the tissues examined 
Attempts to produce widely distiibuted arteiial lesions in guinea- 
pigs and rats by means of certain bacterial toxins failed 

For the material and many kind suggestions I am indebted to Dr 
F B Mallory 
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THE DIAGNOSTIC IMPOETANCE OE ALBUMIN AND 
ALBUMOSE IN THE SPUTHM AND THEIE 
EELATION TO OCCULT BLOOD-" 


EDWARD H GOODMAX, MD 

PHILADELPHIA 

Eesearches in the chemistry of the sputum have not kept pace vith 
those made in the study of the excretions and secietions of other organs 
of the bodv, and vhat has been done has not been found of much value 
to clinicians, partly because of elaborate technic and partly because of 
uncertainty in results obtained 

Eor a critical ie\iew of the work published along this line the reader 
lb referred to an article by Wanner,^ m which he reports a comprehensive 
study of the sputum from various pulmonary conditions, such as chronic 
bronchitis, broncluectasis, pulmonary tuberculosis, pulmonary infarct, 
gangrene and pneumonia, devoting special attention to the albumin and 
albumose content 

He regards any albumin reaction which is more than a slight 
opalescence as pathological, and if there is any albumin with the heat 
and acid test, then the sputum ceases to be a secretion In other words, 
the underlying morbid process is not bronchitis In distinguislimg 
between this condition and pulmonary tuberculosis, the presence of 
albumin speaks unconditionally m favoi of tuberculosis 

As to the origin of albumm, "Wanner calls attention to three sources 
from vhich it may be derived, namely, fiom the glands of the mucous 
membrane, iioiii the blood-vessels of the bronchial tree, and from ulcera- 
tion of the bronchi oi the lung parenchyma Albumose he regards as a 
split product ot albumin, produced by bacteria and autolysis 

Eecentlv Eogei and Levy-Valensi- have called attention to the lalue 
of examining sputa foi albumin and they claim to have discovered in 
the ciualitatue detection of protein a uniformly reliable means of 
diagnosing tuberculosis fiom bronchitis, pulmonaiy emphysema and 
conditions as siphilis, gangrene and cancer Their studies have been 

*l'rom the lahoiatoiy of Dr John H Mnsser 

*Read before the Pathological Society of Philadelphia ilarch 23, 1911 

1 Wanner Beitr ige zui Chemie des Sputums, Deutsch Arch f klin ifed , 
1903, lx.\\, 347 

2 Roger ind Le\\ Valensi Albumino reaction des expectorations, Pre^se 
nied 1*110, p 2S*i 
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corroborated by Wourmami, Oddo and Gaebet, and by Coinu (all quoted 
by Iloger)2 and most recently by Geeraerd 

The last-named author is paitieularly enthusiastic about the test 
and goes so far as to say that if a case of tubeiculosis presents no albumm 
m the sputum, it is proof of cicatricial contraction, and should albumin 
appear a new cure should be begun He lays especial emphasis on 
coupling the chemical exammation of the sputum with the cutaneous 
reaction, and should albumin and the latter be present, then tubeiculosis 
is present beyond peradventure of a doubt 

The papers of Eoger and Levy, and others, were so optimistic about 
the reliability of the albumin test, and the field of sputum chemistry 
has been so wofully neglected, that I have been induced to take up studies 
along similar lines 

Sputa containing macroscopic blood were, of course, discarded, and 
for our first thirty-five cases this was the only precaution obseived To 
our surprise practically every sputum contamed either albumm or 
albumose, or both, and my attention was directed to the possible contami- 
nation of the sputum by small quantities of blood, which mignt be 
invisible macioscopically or mieioseoTMcally, but which we might recog- 
nize by means of a subtle chemical jt 

TEOHNIO 

A portion of sputum was collected m a large diy bottle, mixed with 
equal parts of water, and thoroughly stirred with a glass rod The 
sputum should not be allowed to stand m a warm place, since putrefactive 
changes readily occur and albumm is split off fiom the mucus - A few 
drops of acetic acid are now added to precipitate the mucus, and this 
part of the procedure must be performed with extreme care To make 
sure of this, a small portion should be filtered and to the filtrate one oi 
two drops of acetic acid added If no cloud appears, the precipitation 
has been complete Too much acetic acid may prevent the coagulation 
of albumm 

The sputum is now filtered and, to one portion, saturated salt solu- 
tion IS added, the solution boiled and one or two drops of acetic acid 
added In the presence of albumm a cloud appears To a second portion 
is added one drop of a satuiated solution of potassium ferroeyanid which 
will precipitate the albumm 

Albumose — ^A portion of the filtered sputum is mixed with an equal 
portion of a saturated solution of sodium chlorid, boiled and filtered 

3 Geeraerd L’albumino reaction de I’expectoration che/ les tuberculeu\, 
Jowr med Bruxelles, 1910, 505 
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One portion is kept hot and the other cooled, and if albnmose is present 
there appears a cloud in the cooled portion 

Occult Blood — Application of the benzidin test was made (Good- 
man^) A portion of the sputum aftei mixing with equal parts of water 
13 thoroughly shaken with glacial acetic acid The solution is then 
boiled, cooled and tested with benzidm Occult blood was adjudged 
present when there was a distinct blue color imparted to the particles of 
sputum or to the liquid as a whole 

The tuberculous cases have been arbitrarily divided into incipient 
and advanced Under the first heading are grouped those cases of infil- 
tration with but few physical signs, while under the second headmg are 
arranged those cases presenting consolidation of one or more lobes, with 
or without cavity formation 

The first thirty-five cases, in view of the later findings, have been 
rejected, and in the cases on which our study is based, the following 
examinations have been made Albumin, albumose, microscopic for 
erythrocytes, occult blood and tubercle bacilli The cases we have 
arranged in five tables, a study of which will prove of more than passing 
interest 

In the first place it will be £:eex..'that in the vast proportion of cases, 
occult bleeding, albumin and albumose go pan passu, and it must be 
recognized that minute extravasations of blood constitute the chief 
source of the albumin content of the sputum 

In the second place, microscopic examination of the expectoration 
in itself does not constitute sufficient data on which to decide whether 
the sputum does or does not contain blood A final opmion can be 
reached only after chemical tests have been made 

Thirdly, neithei albumin nor albumose is m itself significant of 
pulmonary tuberculosis, smce we have found both present in other condi- 
tions (bronchitis, asthma, emphysema, pleurisy, heart disease) Its 
absence is likewise not indicative of the non-tuberculous nature of the 
condition, since m many cases of tuberculosis, no albumin has been 
found 

An inteiesting pomt is that occult bleeding is seen m many cases of 
mcipient tuberculosis and is not a feature alone of the advanced stages 
It seems to bear no relation to the piesence or absence of tubercle bacilli 

In fifteen of our cases, either albumin or albumose, or both, were 
present when no occult blood could be detected, and we have no explana- 
tion for this phenomenon Likewise we are at a loss to interpret the four 

4 Goodman The Examination of the Feces for Occult Blood, -with Special 
Reference to the Value of the Benzidm Test, Am Jour Med Sc , 1907 
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.ifidq.^.^^ixborallf 0+0 ^ ‘feti'on- + $ '- 

10 + + 0 

oW- rja -jf'OHoiajA (ivia rlnAua-iA j»ri7/+33/D ajojubjoauT — 1- +aAT 


12 

13 

sidoimAiQ 


aooja Ti 




1^ b9onnvbA+ 
b9onijfbA+ 
(bglnm) ln9iqion^ 
(bgln'ifT) Inaiqion^ 
(balii^p Jii9[qiofifr 
(bslBi^V) dnaiqiDn^ 
(bafB^iJ) Ifioiqianfjl 
( belxs^l) Inaiqiontjl 

(bglc^) ln9iqronLj_ 
(bsfa^) Inaiqionx^ 
(belij^^) iii9iqt9ttl4. 
iholn^) Inoiqiontf- 
28 + 

29 + 


+ a T + booia lljioo® 


» -i- 

+ + 

0 T 


Few 

0 

0 

0 

0 

Many 

Many 

+ 

0 

0 

0 


0 a ll^aomudlA niulHidlA oZ 

{^tiong q- £ 

^tiong 4 . -it. o 

(^tiong^. -+ f 

(^Strong 4 . - 1 ^ ^ 

,f3g“s''® ■’fb-'s-ia f 

pt.o4T f 'i 

0 T 0 5- H 

0 4 . “ 4- ^ (,I 

0 4 . + 4 i- II 

'll ace + -+ 21 

Ti ace 0 

_ - L -t . . -r *■* .1^ 


0/x 8(ja q/ia /:i^uaiA iniu ?joJUi|L3ajJ /o/I'-::|G ijaAT 

31 + + aooja tjtjcodO + + 

gg f^'isongiiQ bo^a llimO 0 Sfioatud'A iii(nudI/+oZ 

34 Binquiiiona 4 . 0 4.__ + 4 _ I 

35 Ainqmuena 4 . 0 0 Tiace + 4-2 

SOlidqys y 7 j 4 :b 9 i 9 lt 4 - 0 0 ^rong 0 4 . t 

37 + + 0 Trace + 

j?oi£jnaA HO Aln/uajA o'^hti// Tua nooja rT'i)oO*^io ^la/O — it'ajay J 

?j' 0 n 2 lR 4 PLE 3 — NajjTTtoElfiiulto^jsnCAanai a ndlA udIA oZ 


No Albumin Albumose E B C 

j ?lp.o[nDi9dip boDriAQbA 

4 _ -4 ?iJid9f^ifa 

3 ^qiioluoiodifi Inaiq^nl 

44 - 4 - BmortjT^ifa 

5 + -j- Few 


Occult Blood T 
0 ib IdgilS « 

0 lip IdgilS Q 

0 il dx^ifa Y loY Q 


T B 
“ ? 


-icQui jiim 

Diagnosis 
PneSmonia 
Pneumonia : 


0 ’ Pneilmonia * 

4 4 - 4 - nmortip^^a 0 ^ 49211 q 0 pneUmonia *■ 

5 + -j- Few Stiong 0 Pneumonia 

(1)1 iioBfP 10II9I+ T I)iiEewo?ioStrong)n2ia -ibnaJaeia oPdeildidilili me I 

Ido* Q.luqa loOobGiti Pisoil nlirfcenil oeTJ Ir^oqOiO / it Bnetunomaii ndiotln 
^dt-ji'l ohi m bi+Y pid ffl birr. iQ io aoiioh^i oIg/i JqnSUPKkWiAoaAo luoii 

9 0 0 0 0 0 Pneu£5.g]ua,,n iinisi 


9 

0 

0 

0 

0 

0 

Fneu£5.g]£ja,,n an 

10 

+ 

0 

0 

Very slight 

trace 0 

Pneumonia 

11 

0 

0 

0 

0 

)&9iiE iti 

lil /BionEhiUiiAO^ 84£ 

12 

+ 

+ 

0 

Sti ong 


Bronchitis 

13 

0 

0 

0 

0 


Bionchitis 

14 

0 

0 

0 

0 


Bronchitis 

lo 

+ 

+ 

Few 

Strong 


Bronchitis 

IG 

0 

0 

0 

Slight trace 


Bronchitis 

17 

0 

0 

0 

0 

0 

Bronchitis 

IS 

0 

0 

0 

0 

0 

Bionchiil asthma 

19 

+ 

+ 

0 

+ 

0 

Broncliial i-thnia 

20 

+ 

+ 

0 

Trace 

') 

Bronchi il asthm i 

21 

+ 

0 

Feu 

Strong 

0 

Bronchial asthm t 
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Table 3 — ^Non-Tubebculous Cases (Contmued) 

No 

Albumin Albumose R B C 

Occult Blood 

T B 

Diagnosis 

22 

0 

0 

0 

0 

0 

Bronchial asthma 

23 

0 

0 

0 

0 

or 

Pleurisy 

24 

+ 

+ 

0 

Very slight trace 

0 

Pleurisy 

25 

+ 

+ 

0 

Slight trace 

0 

Empyema 

26 

+ 

+ 

0 

Very slight trace 

0 

Gastritis 

27 

+ 

0 

Few 

Trace 

0 

Hypei chlorhydria 

28 

+ 

+ 

Few 

Trace 

0 

Heart disease 

29 

0 

+ 

0 

0 

0 

Hereditary syphihs 


Table 4 

— ^Tubeeculous Cases with Albumin and Albumose but no 
Occult Blood 

No 

Albumin Albumose R B C 

Occult Blood 

T B 

Diagnosis 

1 

+ 

4" 

0 

0 

4- 

Advanced 

2 

+ 

+ 

0 

0 

+ 

Advanced 

3 

+ 

+ 

0 

0 

0 

Incipient (healed) 

4 

+ 

+ 

0 

0 

0 

Incipient (healed) 

5 

Slight tr 

Slight tr 

0 

0 

0 

Incipient (healed) 

6 

+ 

4* 

0 

0 

4" 

Incipient (healed) 

n 

+ 

4- 

0 

0 

4" 

Incipient (healed) 

8 

+ 

0 

0 

0 

0 

Incipient (healed) 

9 

0 

Tiace 

0 

0 

0 

Incipient (healed) 

10 

+ 

4- 

0 

0 

0 

incipient (healed) 

11 

+ 

4- 

0 

0 

V 

Incipient (healed) 

12 

+ 

4- 

0 

0 

0 

Incipient (healed) 


Table 5 — ^Nok-Tubekctjlous Cases with Albumin anp Albumose but no 

Occult Blood 


! No Albumin Albumose BBC Occult Blood Diagnosis 



1 

4~ 

4- 

0 

0 

Pneumonia 


2 

4- 

4- 

0 

0 

Pneumonia 


3 

0 

4- 

0 

0 

Hereditary syphilis 


Table 6 

— Cases of Occult Blood But with No Albumin oe Albumose 

No 

Albu- 

Albu- 

R B C 

Occult Blood T B 

Diagnosis 


min 

mose 





1 

0 

0 

0 

Slight tr 

0 

Advanced tuberculosis 

2 

0 

0 

0 

Slight tr 

0 

Bronchitis 

3 

0 

0 

0 

Very slight tr 

0 

Incipient tuberculosis 

4 

0 

0 

0 

Trace 

0 

Pneumonia 


I am indebted to Drs Landis, Francine, Corson and T Mellor Tyson for 
placing material at my disposal Use has been freely made of sputa obtained 
from cases in the piivate practice of Dr Musser and in his ward in the Presby- 
terian Hospital 

248 South Twenty-first Street 



EXPERIMENTS WITH THE INTRAVENOUS INJECTION 
OE SALVARSAN IN ACID SOLUTION '• 

J AUEE, MD 

NEW YORK 

INTRODUCTION 

In the vast liteTatnre already existing about Ehrlich’s wonderful 
discovery there is little experimental evidence on the action of salvarsan 
in acid solution when given intravenously The drug has been occasion- 
ally given in this form to human beings by a few clinicians, but their 
results need not concern us here, for it is obvious that the best method 
for administering an admittedly toxic substance cannot be thoroughly 
tested on human beings These considerations made it desirable to inves- 
tigate this aspect of the sub 3 ect, and therefore the toleiance of rabbits 
for salvarsan was tried opt when this substance was dissolved in 0 9 per 
cent salt solution and injected intravenously Practically the only experi- 
mental contribution which demands consideration here has been the woik 
of Hering,^ who tested the effect of 606 when dissolved in 0 9 per cent 
saline so as to form a 0 5 per cent solution 

This solution was infused through the jugular vein of rabbits and 
dogs, and their blood-pressure recorded This authoi found that 4 to 5 
mg per kilo rabbit, infused during five to ten minutes, caused death one- 
half to two minutes after stoppage of the infusion. Similar results weie 
obtained with dogs On the basis of this experimental evidence he warns 
earnestly against the employment of acid solutions m human therapeutics 
In the following pages experimental evidence will be brought forward to 
show that Hering’s warning is applicable only to the acid solution in 
0 6 per cent strength , it emphatically does not apply to the acid solution 
of salvaisan when sufficiently dilute, foi example, in a strength of 0 1 
per cent 

EXPERIMENTS 

Methods — All the experiments were carried out by the intravenous 
infusion of the drug in rabbits The solutions were mjected either mto 
the jugular vein or the marginal ear vein When the injection was given 
mto the jugular vein, the animal was first etherized, in order to insert 
the venous and arterial cannulas Aftei recovery from the anesthetic, 
the solution was allowed to flow into the vem from a Mariotte burette at 

•From the Dep-irtment of Physiology and Pharmacology or the Eockeieller 
Institute 

1 Henng Munchen med Wchnschr, 1910, l\ii, 2621 
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a piessare of about 15 cm of watei The blood-piessuie was usually 
lecoided by a meicuiy manometei connected ^uth the carotid aiteiy, 
the tubing being filled with a half-saturated solution of sodium sulnhate' 

mr _ T I /» -1 ^ *r 



This initially cleai solution aJfvjstjs^sli^jye^ a moderate opalescence aftei 
some hours After a sealed tub^iof salvaisan had been opened, the sub- 
stance was used as a lule within a few houis, if any remained, it was 
discarded ISTo solution was '^Jf^SHMIS'Vhich had been prepaied the 
fn'Byjb'asvdayfioiIrfO tnods gmJeizo vbsetfB oiuhixejil i^i,/ odl ul 
UBa-tEh&sfilstntwjQt&seifeaicofemifeaambifissmeediAutliittlef dischs^Divpjthb 
inainaiJ’esuitsd'iaMll^j'SheBdlffi thdasttbjjouagidiitablQ?} nJsoYithfflifirhteabiafiSDa 
0i§^pfirdc^nitaflftliMtpiw^f sal'wdrsgEiJxhaiiniJnsfediJthncro^lnitife /pigidaiev^ifn 
Bflthmnjmdlsr&ieiddifteJDffietffiiyinjg ^Ititol i^espectiiVELy j4i fendaS^Iangi 
Qri%rjitfl^[jtiYeh<^fi(Yeonjrmtesfjirft9r/8topjfegidiaf6thmm|imiei)^i5iittlhitomc 
f®dn(ll(ahi5Jt^jon¥u!l)sloi^,sith0mtjfeit9(Madrcdi0aaP’the8gttght ammd ao hatpe) 
8fi<il»ithe BsaoBdlcsfeioeS aTSdhartatJfa MaO^Sopebeejatf afcrengtlrawaslirt&i^d 
skiiwtl!}()thidsglk)i^h:(b pgulaamsiQifaa ^huneoSit nfofijraxaiimaalscsuecJiiiahed 
aftef/necfemagt axtfcuiiifaffiall^fedoBS-'paBiiilfflibo^^Teighhfthditp lisQienijthe 
MjatiQrit as>£iA ^^ieaxtjXJ^ateMlfeflSssMongnefFiijjtlim hlateiisxtolib beiseflii 
jnieEabJg nx hevlosstb narivx 900 io foefie oxli bstaof oxl/x ^gaxxell io 
These two series of e\pei:iinBQifec®hniT5ocle£^fyCtha£effieitoi)fe/;Qjic6U:ftfl' 
felon tOlrShlatlonriQP/theffig^g^aSrll'etjigljOlo^ bsWitkiO?S5rpg5xPeftfe stl{@gth 
(‘(Sprijesji)/)i iika/a^isaafex&^Ml fi&j&uiOatoa^jOdmgf-peBlUiloatiOdgrHwe^^tfc 
^siiii xfeliSjfluitW.»tfe\%^iA§rfttrfiagp}r«5;fi(^&xpeh ^SlhJx^^ilMb&lofidseaYjai^gd 
bfitweeJiij43flildliifi8ngmpMxM09l^i^tgBqf(^'fttb9Ilj!i''0ydS5iilfi fell?! nifuFod 
gQlintioaiwMidMutiedGtar!ftM4q^i2i-5ipor'ieeahBtbd?{?5iper Qenh)fithe ImNuiiM 
tclo?uj\Qftgvbsxjn«ffl£dsfid^JiftilrftojrIiiu»^5) (il.Qrmgli|&i4Qiifiigg)iiB§t 
sdejaed/pcfesih^ihbtsd stlH paatwidiljitjoaj^yipld cpepii}i^ithfio&iftiw5& ®f 
fiaiuJyxiaJige (Oif ahlisajs^dijofiil^^yet sawftitiie aniioAlH Itfftnayohe 

&tate)ilciatfQaoQ)il[hati tll^l5qaxpeL(^taj:«&lYt^a9IJ’fif(1^8ed Jwbe^stkeimfeifiioE&cpiSi'® 

carried ife'uixim’&iO lip©^ffleftfeastjx0ngi;hxlx]Ta|blei'fio({S^ifiS>f8,') gisfis.alAaiaf 

summary of this experiment laja roa 

' These animals, during andraftcaidter infusion of about 12 mg per kilo, 

mfo WrfX “tefs!, fern « 

was slosved. hut the blood- 
olui 

level. 



5S!'oT/?f 
‘‘Iff? 


iisriir or lasfo ax .oa'iifgnjo Ji;iu -'kw u>iiunii -juj Vri:”' "Xno 

Mfe#4p'&o“A ‘imJsp fm ® SnWnffs fafff s ijJi'/fH '‘of 

salvarsan would thus require over sixteen hours for its infusion — .^.cn 

a^toethod! of fintroduCingiaidrugiis th,ereforK5only<of iacadeiiiicfyaluc,[pro- 

vided that the infusion rat^ 



a./A'0\.Q:U( ',e*a.'[\\10‘AL AA'Y 




senes of expeiiments was canied out (Senes 4) m wlneli the attempt 
v/as ma|e tg in]e|t lalge^uantities per kilo m a shhitei time than m the 
expenurenti ui ^lek^S^n addition it was also deteimmed whethei the 
acid so^tidh-cau^es pain and nutation^ when injected into a supei^cial 
vein, es|)eciu%nf some |)f the solution;aShould es&pe into the adj^ent 
tissue ^h|s&m|ectipns5\veie made wil^ 0 1 pei cgnt solutions injected 
by means ^^a'^^nhge into the maigihal eai vei|i of non-anesth^ized 

labbitsl I 1 " f 

Tina la^ ^(gies ^ow^ ^ely well thS a compsfatively laige doHe of 
salvaisf^ nyfeid |oluijon_inay be injected mtiavendusly with fan laj^dity 
in labbfts y^itlffl^ causing pain oijobinously endangering the j,nimals’ 
lives Thecitr5Seulainvea^ness whicK wak noted in Senes 3, in i^nch the 
animals were anesthetized nl ordei -to ihseit cannhMs into the -external 
jugulaiHveiaiii^intQ: the caiotid aiteii^ was maik^ly less pronounced 
in the ffi^imals ^cgnpiising Senes 4, whe^ the injeoijons weie earned out 
minus m^esfbesrani e^ieiAtive inteifeienee " “ s 


w 3 5 


. o 
\ o 


DISCUSSIQ^^ 


In_|a,e idaeg^U^pa^es expeiimental evideiro^ has been subnntted 
whieh|s|(§vn that-tli^feiflcity of salvars^jn m acifl^'^sc^lution (viz , simply 
dissolie^ di| jteB ceafc^ saline) when -injected xi^iavenously in lE^bits 
vanes inverse^ wlfh^hen^oncentiation of this sub^ance m the solutions 
employed Thus foi example, when salvaisan was injected in 0 ^ pei 
cent solutiohf (Sene| 2 \, four out! of 4ve animals *died on flm huldei 
after receiving 4i;o IB mg. pei kil{^|-wlgle in Senes'^, and e^ecial^ in 
Senes 4, the rabbits toleiated 10 to 25 mg per kilo in 0 1 per ^ent 
solution- withnut ^ny-.maiked Jvilaeffeci^ Moieover, all th| gmm^s of 
these t\TO series (bight labbifs^ ^gra alive and-welTat least iS^en^days 
after thg injection Jn ord(n jto, en^h£§ize the amount injgc^d itgmav 
be permissible' to"expi ess thfi i^^t^in |eims a'''70-kii)|3OT§OU Such 




a person would easily tolerate, oji j;15e basis of .these data, 0.^ toil 5^gm 
of salvarsan ’gherg giyfen &tMive5o|iffy lA 0 1 ppr cgiit aSid |c|i®oi:u It 
must be emphasi^d that the^abox^^sel for rabbits' are By i^mSanS the 
maiqmal, doses of^the~0 l_per cent solution whfch are just toler^ed^ith 
safety , iultho^h?! ^ve^nop experiments to supp^S tins stat^ent, it 
seeins probable to me that still lar^r amounts may' be injected before 
seii<iusly;end^genng^th^ animals Me ^ I ^ Ss 

Ifrom the tables of Senes 4 it mil Be seen^hat the rate of Sijectioii 
IS s^ll fairly |lo\^ the fastest rate empli^ed bemg ^ c e per minjite,'”and 
the sloi^st afeul^S ^c per minute^' 'l&is rate csBiSbe doubledswiftout 
, trouble or danger In five reinjection experinients^ 20 mg of salvarsan 
per icilo^in 01 per cent ^solution were introduced through the_ear-vem 
at a rat^ of IS cff per minute, the Animals showec^no distress ^At this 
late 0 5 gm could be incorporated in a little over half an hour 
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Anothei point of inteiest noted in the senes of animals which received 
the drugjhi^gli th^ ear-vein wa^this xione of the animals showed any 
pain whafsoe&r |:ui:^g or after tt^ in^ec^^, igir (j^d any marked inflam- 
mation ngciogis Result This ^as es|®ial]|- spiking m one animal, 
S17, IB s^hi|h ®mff of the inje^ed softi&on| ac^dentally infiltrated a 
small o:Ptis^e " I^o edema o^ mark^nn^mAation oceuiied>at any 
time dsigig |he toexf" twelve days ^ The m&gii^l eai-vein meiely j)ecame 
thromb'hqgd, ^ndj^ater showed a s^ht d^^e of ii^ammation, suSi as is 
usually^ ^se£veci af^r any injection iiScp th^ v^in A much ^severer 
ieaetio:| at ^e Mte-of injection yras exp^tec^-begause of the teclinic I 
emplojlcg, the liypoflermic needl^was a^ays ans^ted 1 5 to 3 ca into 
the veig gnd^then anchored b;^twD bulldog=clagapa which giipped^he ear 
and th^ fleece g'^PhS more on le^ marli|d| crfishigg of the tissues, espe- 
cially (3^|;h^^nj^^e| vein itself, Would ^^ly^idan bringing ou3 what- 
ever ir^hitii^ qa^ifies the injec^d solid^i^n possessed In spitemf this 
none rab^^^owed painnt any-fS!ie,?an(|;in no labbit £d any 

inarkecL&fl^ip.gtB5n occur, even when stifle o| the 0 1 per cent Elution 
infilti^eS 3;^cwS!l||gf the vein aM the lifcoujidSig tissue In |ut one 
rabbit 3m jiwdei ate edenm of t^^^r-gccur Tins ede&a was 

noted Wi§iHi|tw^S^our hours after thQ:ii 5 ;p(ia 0 i^and was by n <5 means 
exti erne ,^i|en^3^|- hours later It had |iia|)^^gd entiiely 

It jth%^be ‘TeipTn|jed in passii% that Sthe'agid’ Content of salvarsan is 
veiy smail, only 83 rag of hydrc^hloric acid per 0 5 gm This hmount 
in a 0 1 pel cent solution of the ^rug mattes an exceedingly dilufe solu- 
tion of Sie p 3 id^ so^dilu^^l^t |he alkSlIhe -tissue juices ^pi have no 
trouble in reducing and neutoaliMng the acidity of the soTutioir which 
escapes into the surroundpig. ^ssitt This_is an advantg^ not possessed 
by the strongly alkaline|s|lptrans-generalip eniplc&ed| ~ | ^ 
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QlflgR i>BSERV^^OX§ 

While ^he maiiT object yf^thi^in^stigation was to "determi^ JIlA cdaditions 
under which fairly large quaiSalles i>f an ayid so^ti^ of fea&'W'^n ftould be 
safely infuged jn rabbits, a number of^ther data? were g^he^d tl^ course 

of the wo^ which^re worthy pf^heing^ recorded r, " ^ > 

Autopiy ZVoTfes —Ilf 'practically alLthe fatal case^ in^enes 1 and^ there was 
an excess of clear yellow fluid in the^periton^^ ca'wty and ^n the thorax is 
was especially well marked in the^tw(j;rabbita'of'SeMes ib J?o excess^! fljini 
seen in the" inftstine it^lf The intestines were, as a rule, pale, while the niesen 
tenc vessels were moderately distended witJi hlooA lungs 15 almost a 

instances showed signs of pulmona^ edema,^which, however, was 
extreme tl^at foam was^ found in-theStrachea The heart usually was dis en e 
with bloo<£when fHe autopsy wa^taa^P immediately; and; was in a s^te of ^ 
the auricles beatings thfSe or fourHim 43 to on^,Wfial^ en^icular contcacti^ m 
blood coagulated readily within three "to five minutes ^ 

Untie — ^Slost of th_e surviving ammnls voided unne^ within the twentj-four 
hours following tlie imection In, one rabbifc-only ^8 W about fortwigi lOurs 
elapsed before' urine was passed^ thii rabbi?" was ihe only one which survive 
when the drug was given in 0 5 per cent solution, all the other survivors e on£,e 
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to the 0 1 pel cent senes hlone of (j^jjes voided by these surviving labbits 
reduced copper solution Only one labbit shoued sugai in the mine;, this was 
HaibbhtxSs|, &Sic±iir£«3eifetfedvetiiliim^ii0f aalj!a\siaii{ffirlhjlctQn 8 £tafiljpb 3 c(SnWsolu- 

cimwofi 9 ■nar* /^nnr cnrroi onr»/^i 4-/^ T>r»iT-.*>i> T* t .i 


pI^ui^ficas'rlJiMm 2 S shiIbo taeo igq Q 0 m aouiiloa iii 9 D 'laq 10s rtiiW 


vals aftei the injection It soon became ap 
series, 3 and 4,. ^^eacted differently, althour» 


in the 


senes, ,5 ana reactea aiuerentiy, aitiiougn' ,botli igceiveU the drug in 
sabe teeMhtibli . ‘-Thfe .?mTfe ^SeliWi^SatP few 

dsysgaufinitnaskissrctt weight jrineli gdud4dibeilr!\'eh5djl'80'(dfiijb33j0 §nis anjcb-itfpnnift 

on the othei hand,^howed in. thiee cases lS14, S13, Sl6) a, gam of Aveight in 
three days VE^^h^"‘belweda^l%C(- Pind^fWO^ §M^®Wi^^*^{niti3,r^iimt?{sXK{'2P"\t’dlf 
m^&tainedj sbitljaitGtvfebrHidaiy^jSESLEb t3ia£Knjc5tjoh,(tlx3ir iwei^lts 'sete ghiff 150 


must be 

■ 9117 to 


any sfeWdS ^giibWetf dihifhbd'ht dn^ 
fiioThis) diffben^imiiteautioiii to th'd gaiiiEG;3alqtiini;ifcfr botdg'Hemesa'jseflciDeS the 


to the. despressing eftect...of saL- 

l«{yr^,t%eraiifa,'Iifc f Wll 


In.Sen^ 3 the animals were iubiected not bhf 
va^Sin*^WE' ffllonS^tii^^^fsProrabie acfl<m OT'^t' 
animals of Senes 4 w^f@W|ft^eh %lth6f&fftMJffcof,ahfvilfsan ftlbn&ncfl'ifi^Otestlltl i& 

, iKHrS?, yfflfe^'SU'ihe 3uf%S! 

tli^Wodd pf'4sSui%^^‘s^Jnmeh6h)f{.fe^rie^ 2|fi§ ihigfy' ^oftt/^n^fhfhdf^olhs 

tmnaj^Q 5=9p4c8<ien.^t motbsf mptaJiq?, rtU^3(bloQd-py^£ahi:p{Jaihor ?gmlc3!pr.p|qimdl5T 

diopp^, markedly In ,t\\Or animals, tins ended with death, one recovered .The 

6reMgA??^b//(J?™iH^Sp ?S{iSfcMe^'^&¥^4^icf%W 

^P'xfldfayfTdfTd Tilere'^iLffefWdthirf* tdOfftawite 4fh\>eahfJhin^76fr};hdtet«>{riMc{fh^ 
gtyVn tM(iai\ljs9AQuiri:d<3^ m twfffiQaeM odiftehuRpngiblt^ 4piy9j$nt,JW}ttchoIiM9teoa 
stopped for a number of minutes This drop of Wood-press^^j^ji^^prp^^ljl^l^ijp to 
a sudden weakening of the heart These three experiments show well how 
swiftly a dangerous and even fatal fall of blood pressure may occur with 0 5 per 
cent solutions, even when infused with extreme slowness 


Reinjection Experiments — A number of the surviving rabbits were again 
injected with the 0 1 per cent acid solution Thus S8, Sll, S14, S15, S16 received 
20 mg of salvarsan per kilo body-weight, sixteen to twenty days after the first 
injection The reinjection was given through the marginal ear-vein at a rate 
varying from 10 to 17 c c per minute The animals were quiet after the injection, 
and the respiration was considerably slowed, ranging between 50 and 80 per 
minute The temperature always showed a rise of at least 1° C within two or 
three hours after the injection, the highest tempeiature obtained was 41 5 C 
The average normal temperature was about 39 5 C This period of fever did 
not last long as a rule, after less than twenty-four hours the temperature had 
dropped to normal It deserves notice that the slow respiratory rate mentioned 
above was also obtained during the stage of fever All the rabbits stood the 
heavy dose of salvarsan very well, and no ill efl'ects were seen except that S16 
developed a massive edema of the injected ear, this edema disappeared within 
three days In none of the other rabbits did an edema appear It will be 
remembered that the same rabbit, S16, reacted with a moderate edema to the 
first injection of salvarsan 
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RESULTS 

Acid solutions of salvarsan, i e , salvarsan dissolved in 0 9 pei cent 
saline solution, may be injected intravenously in rabbits witli safety pro- 
vided that the solution is dilute 

With a 0 1 per cent solution in 0 9 per cent saline as much as 23 mg 
and probably more per kilo may be safely infused, this would correspond 
m a 70 kilo individual to 1 5 gm 

Concentrated solutions of salvarsan in saline, i e , 0 5 per cent , are 
dangerous and usually fatal in rabbits even when mfused with great 
care, the fatal dose varies between 4 and 12 mg per kilo This agrees 
practically with the experimental results obtamed by Hermg 

The acid solution in 0 1 per cent strength causes no pain or marked 
inflammation when injected into the ear-vein of rabbits, even when some 
of the solution infiltrates the surrounding tissue 

Hering^s energetic warnmg agamst the intravenous injection of acid 
solution of salvarsan m human beings has experimental justification only 
for 0 5 per cent solutions of the drug It does not apply to sufficiently 
dilute solutions, for example, solutions of 0 1 per cent 

Attention may be called to the fact that 0 5 gm of salvarsan contams 
only 0 083 gm of hydrochloric acid, a quantity which corresponds to about 
0 25 c c of the ordmary 32 per cent concentrated acid A 0 1 pei cent 
solution of the drug is therefore only weakly acid It also must be noted 
that the tissues of the body aie better able to protect themselves agamst 
harmful acidity than against harmful alkalinity , against an acid solution 
the body tissues may mobilize neutralization and dilution , agamst harm- 
ful alkalinity piactically only dilution is available, the carbon-dioxid 
content of most tissues being probably too small to play much of a role 
Rockefeller Institute 



URINE EOEMATION DUEIISTG ETHER ANESTHESIA^- 


P B HAWK, PhD 

T3BBANA, ILL 

In a previous papei^ I reported the data fiom a senes of experiments 
on the diuresis following ether anesthesia In those expeiiments, which 
were made on dogs, it was shown that ether narcosis induced for periods 
varying m length from thirty minutes to four and one-half hours was 
followed m every instance by an initial diuresis, the extent of the diuresis 
bemg proportional, in some mstances, to the length of the anesthesia 
period This point was well illustrated by the initial diureses of 5 7 per 
cent , 6 8 per cent , 12 9 per cent and 24 8 per cent which followed ether 
anesthesia periods of one-haH, one, two and four and one-half hours 
respectively It was further shown in these experiments that the diuietic 
effect of the ether was persistent in every case except one The ultimate 
average daily percentage mcrease in the urine volume ranged from 3 1 
per cent to 20 7 per cent for subsequent intervals of from five to four- 
teen days 

The data from the experiments mentioned above gave us no informa- 
tion as to the actual conditions of urine formation during the time the 
animal was under the influence of the anesthetic It was therefore subse- 
quently determmed to investigate the rate of urme formation under ethei 
anesthesia, usmg in these tests the identical animals utilized in the expeii- 
ments already mentioned Three of these animals (Dogs 1, 3 and 5) 
were therefore made the subjects of the demonstration 

The plan of the experiments here reported was simple The animal 
was placed under ether anesthesia, after which the abdomen was opened 
and cannulas inserted m the ureters The rate of urme formation was 
then carefully observed, the volume formed during each hour being aecu- 
lately measured 

DlSCUSSIOlt OF DATA 

The data from the first experiment (Experiment 12) aie given m 
Table 1 The subject of this experiment was Dog 1, a bitch weighing 
about 5 5 kg Anesthesia was induced for a period of ten hours and 
twenty minutes during which time a urine flow aggregating 19 7 c e was 
registered During the first two hours a volume of 1 9 c c was collected, 

♦From the Laboratories of Physiological Chemistry of the University of Illi- 
nois and of the Department of Medicine of the University of Pennsylvania 

1 Hawk Jour Med Research, 1908, new series, xiii, 203 
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THE ARGHiyjBS OF IHTBRNAL HEDICiyE 

indicating a total mine foimation of 3 6 e e for this peiiod, inasnineh as 
the two cannulas had. a capacity of 1 7 c c The most lapid formation of 
urine was noted between the fourth and fifth hours of anesthesia During 

a pronounced decrease in the rapidity of urine formation, as is shown by 
the subsequent collection ofoCiWitMnBAlf M <£ c and 2 4 e e lespectively 
during the two one-hour periads .immediately following Dining the 
next four hours the urme-foiming function was piactically suspended, 

Wfi9^^fiTHg'^f^0ii?c^iav- 

lW4)f ttfeiWM^SfMf^i^Iof 
»lf a^fibrnplie?? 

^9e^ta8M f(illd‘'»?tfm«fieil^eimte?.mnSp^i 

idfitg’d^ e\§e(^§f8^ ifiifim edf yd holBiJanlh [fovi 3 b/i fnioq srdT honsq 
ledfo hoYmlloi dordw Inoo aeq 8 fS bus tnoo loq 6 SI . fnoo aoq 8 6 . fnoo 
? inorf Jtrst^do— ffisiTEatrolCJirffE BcmlM.^sinn .tha^soaSTfiBR dbBumqinfliaorffaeni. 
ntorr/fh edf ffidf afnemngiQSS iaoSJ-SfPSWtFtfa mi bbw dl ylsviiooqaoT 
9iBrmJtfiSL6til® 9n o - dqoD: ^Itattadyae?&-fii jfisdaSSahjfnafrrf-isdlsSpflilidiO fosfio 
I f. fn0l¥°b9gnBI^ffirl0V oF^i-filPP Sgl^ftWxOCI ^fEp*S]2B197£ 

-anoi of e/d tnori to alsvagifffii^fieffpjfidi/a loi friso r9q Y i^q 

Anesthesia zysb aoei 

P ™ hrs min , c c c c , , r /rfi 

-BfuxoinijOn air 9 |^.^i^^vodB bgriotfnoj^g afnexxjx^scr/a sx^gfnoai y^odi 

odd 9faxd29di gaiait&onoxdBm'Soi axixm io anS'iitxhxioD feudDB 9rfik)4!i 3 b xroxd 
-opdixa oajieaorfd oidalliaoafijgld io 9ji|)ufiiix X9baxjjg|§r iBrainc 

f'tdda ashsirr xmidsmrtKifl: oaxiuSio edBaSOrld siB^xiaavni ahJ&saxirr X‘il)25 vlinoixp 
-if9q/9 s^i m f)9^^f|i^ affirnip^ Inoidi^ii silj |i|9d 939(|^^i nxuafjgl^aoddaoui. 
(5 bcxB 8 ,I agUdi^e afecaanulasarfd io ssirlT hanoidxiaxrr ybBsaffi adxiorxi 
®"i?o?lB?^§Px^iuS?f add io ziolfdua odi^liSBm 9 r^flPsrfd 919// 

<^ddJ4h‘JSciJ.^d9|tienty 

^ansqo 2B7/ norriohdB sdd dottlT/ aedlB .BiaaddaenB aedda aohrix; booGlq an// 
=’R/?Thfeid8lS62i99§f'xrqtfe) ud^fie^iSmafielP xgtifdii^dii {ffiS 

made nnidHogiQ^f abcanjaiahiw^ghEt^ ?itejdfe/8'Sfflf^x97Thdod#afii$i'iS^lwI^ 
in Table 2 The period of anesthesia i\as eleven houifei stiMs/fodhtMCf 
minutes in length In thifSrespSCiih€S635cisi(gle of urine iiere collected 

^W^InV.eD:;,siTp^li^yfI^^\o^^,,e^ il>?}&odT^ toFp 

occurred between the second and thud liouis of anesthesia in this_eiperi- 
mepto aftipgaipgt osj sinoih/tidftvTge lioimPog 1 

!■■■■?. i t /r-iii! ‘1 IO 7ii--io/inlJ aill IO onijiholi^ lo in 9 mlix.ri‘jCr 9i(J io Liii t'lo f 

2 Hiwk PostnirJi^luuiir Gl«eo*uylaiJ IhSlRl VjJonivniHl'l’pd^MBf/pD'mV/oHudBO 



'iTAOias’u diiT: 


m 
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Table 2 — Rvte of Urixe Formation Under Ether Anesthesia 
(Dog 
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The rectal temperature of this animal (Dog 5) was taken after eleven 
hours under ether and found to be 23° C or 15° below normal 
This observation is right in line with similar findmgs by Simpson® m 
experiments on monkeys In Simpson’s experiments, however, the animal 
was placed in a cold chamber havmg a temperature of 8 8 C , whereas in 
our tests the animal was at room temperature In one mstance a reduc- 
tion of body temperature to 14 C was observed by Simpson, this lowermg 
of body temperature bemg followed by complete recovery, whereas m 
another instance a reduction to 12 5 0 caused the death of the animal 
The paralysis of the heat-regulating mechanism, under the mfluence of 
ether, as shown in these experiments on dogs and monkeys, is of consid- 
erable interest 

Table 3 — Eate of Ubine Formation Under Ether Anesthesia 
(Dog 5, Experiment 14)* 


Fraction 

No 

Hour 

—Collected 
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e 
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Gravity 



Time after 



of 



Induction of 
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2 15 

4 

9 

04 
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1055 

3 

10 30 

12 

24 

ITt 

30 

1068 


•Cannulas in ureters and ether narcosis induced for tiyelve hours and twenty- 
four minutes 

tThis urine was collected entirely from the right kidney 
JEemoved from cannulas at end of experiment 

When we compare the data from the three experiments on urine forma- 
tion, we find that two of them present very similar conditions In Experi- 
ment 12, as well as in Experiment 13, the urine-formation was most rapid 
during the first portion of the anesthesia period For example, m Experi- 
ment 12, in which the period of narcosis was ten hours and twenty 
minutes, the maximum urine flow occurred betiveen the fourth and 
fifth hours, whereas in Experiment 13, in which the period of anesthesia 
was eleven hours and fourteen minutes, the maximum output was secured 
between the second and third hours These two experiments are similar 
also in that the point of maximum urine formation was followed by a 
gradual mhibition of the urine-formmg function which finally resulted 
in the practical cessation of all flow The two experiments under com- 
paiison are closely comparable from the standpomt of the volume of urine 
formed during the anesthesia periods The data indicate that in the first 
experiment 19 7 c c of urine were formed m ten hours and twenty min- 
utes, whereas in the second experiment 20 7 c c of urme were formed in 
eleven hours and fourteen minutes In other words, in one instance an 

3 Simpaon Jour Physiol , 1002, xxviii. Proceedings p 37 
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aveiage of 1 c c of mine was formed every 33 5 minutes, wheieas in the 
other instance a similar volume of mine was formed in 31 9 minutes 

When we consider the data from Experiment 14, it is at once apparent 
that there are few pomts of similarity between this experiment and the 
two experiments 3 ust discussed The mam pomt of similarity is found 
in the fact that the most rapid urine formation took place during the 
early hours of anesthesia It will also be observed, however, that the total 
volume of urme formed during the experiment (3 cc ) was only 15 per 
cent as great as that formed in Experiment 13 and only 14 per cent as 
great as that formed in Experiment 13 This is particularly surprising 
when it IS remembered that the length of the anesthesia period was twelve 
hours and twenty-four minutes, an interval about two hours longer than 
the anesthesia period of Experiment 13 and about one hour longer than 
that of Experiment 13 It took twice as long (ten minutes) to get the 
subject of Expeiiment 13 completely under the mfluence of the anes- 
thetic as it did the subjects of the other tests 

Similar inhibitions of the uime-foiming function to that observed 
by us have been reported by Kemp^ in experiments on dogs and by Tait® 
in connection with certain surgical pioceduie in which ether was the 
anesthetic Seelig® and GolF have also observed the partial suppression 
of urine formation under the influence of ether anesthesia Some experi- 
ments made by Professor Gies and myself during the investigation of 
external hemorrhage are also of interest in this connection ® In one 
experiment the animal (dog) was placed under ether anesthesia and can- 
nulas inserted in the ureters and the left femoral artery The normal 
course of the urme formation was then observed for one hour The ani- 
mal was then subjected to a hemorrhage in which blood equivalent to 3 14 
pel cent of the body weight of the animal was removed The formation 
of urine gradually decreased as the blood was being withdrawn and one 
minute after the end of the hemoiihage the urine flow entirely ceased 
In twenty minutes the flow began again A second hemorrhage induced 
about three hours later was accompanied by the same features regarding 
urine flow In other experiments the blood removed from the animal 
was defibrinated and returned The return of this defibrmated blood was 
found to cause an immediate increase in the rate of urme formation, m 
some instances the rapidity of urme flow being greater than normal 

sumiAKY 

Three experiments were made to study the late of urme formation 
under ether anesthesia Dogs were used as subjects, cannulas being 

4 Kemp New York Med Jour, 1899, Ixx, 732 

5 Tait Brit Med Jour , 1880, ii, 845 

6 Seelig Aicli f exper Path u Pharmakol , 1904-05, lii, 481 

7 Goll Ztsehr f rat Med , 1854, iv, 78 

8 Hawk and Gies Am Jour Physiol , 1904, xi, 228 
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inseited in the meters and the Yolume of mine foimed for periods of 
fiom ten horns and twenty minutes to twelve honrs and twenty-fom* 
minutes observed 

Two of the experiments yielded veiy similar data In each instance 
the first portion of the peiiod of narcosis witnessed the most rapid forma- 
tion of minCj the maximum output occurring in one case between the 
second and third hours and in the othei case between the fourth and fifth 
hours, the flow gradually decreasing in each instance from this point to 
the end of the experiment The average exeietion for each expeinnent 
was approximately 2 c c pei hour 

The third experiment, although embiacing the longest anesthesia 
period, was also marked by the smallest mine flow Only 3 ec of urine 
were foimed dming twelve hours and twenty-fom minutes of anesthesia, 
the flow being entirely suppressed duiing the last eight hours of this 
interval Glycosmia was observed in each experiment 

A body tempeiature (leetal) of 23 C was observed in a dog aftei the 
animal had been subjected to the influence of ether anesthesia for a 
period of ten hours 

Taking the data from these expeiiments into consideration with the 
data from others already leported^ it is apparent that ether anesthesia 
causes an inhibition of the mine-formmg function during the time anes- 
thesia IS induced, but that such inlnbition is quickly followed by a stimu- 
lated mine flow uhich is initiated as soon as the period of anesthesia 
terminates 

The inhibition of the mine-forming function was probably due to the 
effect ot the ether in constricting the arteiioles of the kidney’s blood- 
supply A contributing factor may have been the increased afBnity of the 
tissue colloids for ivater brought about through the influence of the ethei, 
thus leaving less water to be excreted through the kidneys ® 


9 See Fischei’s Edema,, 1910, p 194 



THE LABORATORY DIAGNOSIS OF GENERAL PARESIS 
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BIXGHAMIOJJ, JI Y 

Duiing the past jeai an investigation has been made in the laboiatory 
of the Binghamton State Hospital for the Insane, of the cerebrospinal 
fluid fiom flfty-seven patients with general paiesis, foi the purpose of 
detei mining the relative value of the various laboratory methods of diag- 
nosis which are now in quite general use The results are shown 
in Table 1 As a control the same tests ivere applied to the spinal fluid 
from twenty-nine patients unquestionably suffering fiom psychoses other 
than general paresis The fluids were obtained by lumbar puncture, 
about 10 c c being removed as a rule The patients were kept in bed for 
twenty-four hours after the opeiation and no dangerous results occurred 
Headache, dizziness, backache, and sometimes nausea followed, but no 
more severe symptoms were noted The spinal fluid m general paresis is 
clear in appearance in the great majority of cases and when not, the 
cloudiness is nearly always due to blood caused by the needle, and not 
present in the fluid, as shown by subsequent autopsy, although cloudy 
fluid may be found when the autopsy is not performed soon after death 
Rarely is it cloudy during life in cases which are characterized by an 
unusual increase in the number of cells 

The leaction of the fluid is veiy faintly alkaline, as shown by litmus 
papei, and is practically constant m normal as well as pathological fluids 
The slight vaiiations in disease aie not of diagnostic value, and no effort 
was made to determine the exact degree of alkalinity which is usually 
stated as corresponding to 0 1 per cent of sodium hydrate 

Methods of estimating the pressure of the cerebrospinal fluid are 
unreliable and have not proved satisfactory It is sometimes estimated 
by the number of drops per minute Obviously this depends largely on 
the lumen of the needle used The estimation of pressure by a water or 
meicuiy manometer is difficult and unnecessary The various factors 
which influence pressure are so numerous as to render it of no value in 
diagnosis The variations as stated in the tables shown here merely sig- 
nify that the rate and force of flow from the needle was apparently 
greater or less than that observed in the average case not suffering fiom 
general paresis The pressure shows no appreciable difference in many 
instances after death, the fluid flowing as freely as durmg life when the 
body IS placed in the same position In the fifty-seven cases of general 
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paresis examined the pressure seemed to he increased in tweniy-seren 
cases, decreased in fifteen, and m fifteen it showed no apparent difierenee 
from that found in other forms of insanity 

Seium-albumin is usually consideied as being absent m norma] spinal 
fluid although it shows a slight cloud on heating and gives a decided rmg 
with the nitric acid and nitro-magnesium contact tests in all cases The 
latter method, in which the fluid is brought into contact m a pipette with 
a mixture of 25 parts of nitric acid and 75 parts of saturated solution of 
magnesium sulphate, is much the more delicate These reactions are 
merely due to proteins and are not to be looked on as an indication of 
the presence of albumin The quantitative estimation of the pro tern 
content is unsatisfactory The Esbach albuminometer is the mstrument 
commonly used The amount of fluid necessary for the determination 
can lie diminished by dilutmg with distilled water and allowmg for the 
dilution in computing the lesult Eeference to Table 2 will show that 
twenty-two out of twenty-nine cases (not cases of general paresis) or 
75 per cent of the total number show from 0 03 to 0 06 per cent of 
protein by the Esbach method The amount of protein in normal spinal 
fluid IS given by Mott as 0 03 per cent In the cases of general paresis 
Table 1 wiU show that forty-four of the fifty-seven eases, or 77 per cent , 
gave over 0 06 per cent , and twenty-nine over 0 1 per cent of protein by 
the Esbach albuminometer This would seem to 'be an important 
although a slow method of diagnosis unless the centrifuge is used 

It will be observed that sugar was found in practically all cases with- 
out any refeience to the form of insanity It is now conceded by Halli- 
buiton to be present in normal fluid and is said to occur in smaller quan- 
tities in dementia prmcox The amount of fluid necessary for a quanti- 
tative examination renders it impracticable for diagnostic purposes In 
the last annual report of the Binghamton (Hew York) State Hospital,^ 
attention was called to the interesting fact that sugar is usually absent in 
post-mortem spinal fluid 

In all cases of general paiesis a consideiable excess of globulin is 
found in the cerebiospinal fluid This is usually readily demonstrated 
by the butyiic acid test of Hoguchi Two parts of spinal fluid are heated 
to the boiling point with flve paits of a 10 per cent solution of butyric 
acid in eithei distilled water or 0 9 pei cent salt solution after which one 
pait of normal sodium hydrate solution is added and the mixture again 
boiled The appeal ance of a flocculent precipitate within two hours is 
consideied bv Hosruchi as diagnostic of general paresis Blood-free fluid 
mu=:t be used All spinal fluid contains globulin and in normal fluids or 
fluid from cases other than geneial paresis a flocculent precipitate ma}' 
be obtained nearh alwa} s either by rebelling once or twice or allowing the 

1 lhirt\ First Ann Eep Binglnmton Stnte Hospital, BingJnmton, X 1 , 
1010, J B Ljon Co , Albinv, p 31 
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mixture to stand for twenty-four hours Usually boiling for a second or 
third time after the fluid has once cooled without allowing the fluid to 
stand, will bring down a floeculent precipitate in cases which show no 
evidences of general paresis 

Positive results were obtamed by one or the other of these methods 
in twenty-seven out of twenty-nine non-paretic cases In some of these 
fluids the precipitate occurred as quickly as in general paresis and after 
one heating only Eeference to Table 2 will show that sixteen out of 
twenty-nine non-paretic cases, 55 per cent of the total, gave positive 
results with the butyric acid reaction when the technic of ISToguchi was 
employed Eosanoff and Wiseman" in psychoses other than general 
paresis, obtained positive results with the butyric acid method m 10 8 
per cent and doubtful reactions in 7 2 per cent of the 333 cases, making 
a total of 18 per cent which failed to give definite negative reactions 
The technic of Uoguchi was followed in these tests 

Dr P W Mott,^ P E C P , London, P E S , pathologist to the London 
County Asylums, in his Oliver-Sharpey lectures on the cerebrospinal 
fluid delivered before the Eoyal College of Physicians of London on 
April 22 and 29, 1910, says of the butyric acid reaction of Noguchi 
have applied this test to a considerable number of fluids, and have 
obtained a positive reaction in many non-specific cases, m fact, in all cases 
of dementia, whether non-specific or specific, and have found that the 
amount of precipitate is proportional to the degree of degeneration of 
nervous tissue, being most marked in the progressive degeneration of 
general paralysis of the insane 

Attention was called to the fallacy of this leaction in the last annual 
report of the Binghamton State HospitaP and also to the fact that it 
could be easily demonstrated by usmg larger amounts of the various 
reagents concerned than are recommended by Noguchi,® preserving, how- 
ever, the same proportions (0 5 c c of spmal fluid, 2 5 e c of the 10 per 
cent butyric acid solution and 0 5 c c of normal sodium hydrate instead 
of 0 1 c c of spinal fluid, 0 5 c c of 10 per cent butyric acid and 0 1 c c 
of normal sodium hydroxid) “It is entirely to one’s individual taste 
whether one or a multiple of the quantities indicated above will have to 
be employed” 

2 Rosanoff, A J , and Wiseman, J I Syphilis in Insanity, Am Jour Insan , 
1910, Ixvi, 430 

3 Mott, F W Ohver-Sliarpey Lectures on the Cerebrospinal Fluid, Lancet, 
London, 1910, ii, 79 

4 Thirty-First Ann Rep Binghamton State Hospital, p 32 

5 Noguchi, H Relation of Protein, Lipoids, and Salts to the Wassermann 
Reaction, Jour Exper Med , 1909, ii, 92 
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'W H Hough^ of Waslungtou, D C, says of the biityiic acid leac- 
tion 

I found it positive, and m some instances veiy pionounced, in a nuinbei 
of cases of arterioscleiotic dementia -wlieie no evidence of syphilitic or inflanima- 
toiy disease could be found, either in the cytologv of the fluid or in the histo- 
logical examination of the neivous s-^stem in the cases in which autopsy could he 
pei formed It may be mentioned also that a laige majoiity of the post-moitem 
fluids fiom non-inflainmatoiy cases showed a positive butyiic acid leaction 

He repoits positive lesiilts m 48 pei cent of his non-paietic eases 
and obtained five positive lesiilts in seven post-mortem fluids He fol- 
lowed the technic of Hognchi thioughout It is be'^ond dispute that 
there is an increase of the globulin content in the spinal fluid in cases 
of general paresis, although it oeeuis in othei psjchoses as well and is 
not absolutely diagnostic of that disease 

The demonstration of an increase in the globulin content suggested 
the ISTonne-Jones leaetion, which has also been spoken of as valuable in the 
diagnosis of geneial paiesis This leaetion consists in the formation of a 
white ling such as is obtained in Hellei’s test foi albumin on bunging 
spinal fluid in contact with a saturated solution of neutral ammonium 
sulphate solution in a pipette In the laboratory of the Binghamton State 
Hospital we have obtained positive lesults unifoimly in geneial paiesis 
but have had the same expeiience as shoivn in Table 3 with the spinal 
fluid in othei psychoses If a white ring does not foim immediately at 
the point of contact, it will form almost always aftei standing foi a 
shoit time When theie is any doubt as to the result a larger amount of 
fluid can be used and the reaction performed in a test-tube Positive 
results Avill be obtained in this manner from practically all spinal fluids 
In this as in all of the contact tests, a more decided reaction is, howG\ei, 
obtained in geneial paresis Ho lefeience is made here to the results 
obtained by the so-called preciintate reactions with lecithin and the 
taurocholate and gljcocholate of sodium, ouing to the tact that these 
reactions have already been shown to be unreliable ■* 

One of the most valuable of the laboratoi} methods of diagnosis ot 
geneial paresis consists in the demonstration of a I’^mphocytosis in the 
spinal fluid The method piobablv most often used is the old method of 
Widal and Eavaut, that of centrifuging the fluid and examining the 
sediment foi an increase in the number ot lymphocjtes This is an easy 
and fail!} aceuiate method We have found, however that a modemte 

0 Hough \V II Remarks on the Comparative Diagnostic Vilue of tlie 
ISToguchi But\iic Acid Reaction and Cjtologieal Examination of the Ctrebroapinal 
Fluid Bull 2, Go%ernment Hospital for the Insane, Washington, D C, 1910, 

p 122 

7 Maj, J V A Re%ie\s of the Recent Studies of General Partsis, 1000 Ir 
Am Meil F^vchol A^iii Lord Biltiiiiori, Pit" Biltiiiiort Wd \\i 317 
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inciease of lymphocytes will occasionally be overlooked Much moie 
leliable is the acciiiate estimation of the numbei of cells per cubic milli- 
meter of fluid by means of the Fuchs-Eosenthal counting chamber In 
this method the pipette usually employed in counting the ivhite blood cells 
IS used 


The following mixtuie is usually eniplojed foi staining the white and dis 
solving the red cells Methj 1 violet 0 2, glacial acetic acid i, watei 100 Fill 
the pipette with stain to the point niaiked 1 and then fill to the point maiked 
11 with cerebiospinal fluid, uneenti ifuged Shake thoroughly, let stand foi five 
minutes and count by means of the Fuchs-Eosenthal counting chamber The luled 
surface of the cell contains 3 2 cubic mm of the fluid Count all of the white 
cells in the entire luled aiea of the slide, multiply by 11 and divide by 32 The 
lesult IS the number of cells pei cubic niillimetei 

As the chambei is 0 2 mm deep the souice of erior can be entirel} 
disregarded 

This method lequiies a veiy shoit time, aftei a little experience, 
and IS quite reliable The stain can be greatly improved by increasing 
the amount of glacial acetic acid used Poly chi ome methylene-blue is 
lecomm ended by Cornell The spinal fluid should be free from blood, 
although a small amount does not mateiially affect the result Eeference 
to Table 2 will show that in twenty-five out of twenty-eight of the non- 
paietic cases there were five cells oi less pei cubic millimetei On the 
othei hand, in the forty cases of geneial paresis in which cell counts were 
made as shown in Table 1, only one case showed less than five cells to 
the cubic millimetei, while eight cases showed from five to twenty-five 
cells, twelve cases fiom twenty-five to fifty cells, fourteen cases from fifty 
to 100 cells, two cases fiom 100 to 200 cells, and three cases ovei 200 
cells, per cubic millimeter In oui hands this method has constituted the 
most leliable laboratory procedure available in the diagnosis of general 
paresis It will fiequently show a consideiable increase in the number 
of cells when the Widal-Eavaut method gives negative results 

Whenever a lymphocytosis is shown, a differential count of the cells 
should be made by the Alzheimei method, as follows 

Mix five c c of the spinal fluid with 10 c c of 95 per cent alcohol and centi i 
fuge foi one hour Poui off the alcohol and i eplace by absolute alcohol Aftei stand- 
ing foi one hour replace by equal paits of absolute alcohol and xylene followed 
by xylene for one hour and imbed the sediment in paiaffin by the usual piocess 
Sections should be at least 12 microns thick and stained bv 1 per cent toluidin 
blue and by the Unna-Pappenheim stain At least 100 cells should be counted 
and the percentage of lymphocytes, polynucleais, large mononuclears, macro 
phages, Kornchenzellen, plasma cells, endothelial cells, etc , carefully estimated 

Theie will usually be found to be about 80 per cent of Ij^mphocytes 
and from 1 to 5 pei cent of plasma cells, with varying percentages of 
the other elements in cases of general paiesis The great increase of 
phagocytic cells and Koi nchenzellen or fatty granule cells in all post- 
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TABLE 1 — GENBEAL PARESIS 
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mortem fluids is of considerable interest A lymphocytosis is not of 
course absolutely diagnostic of general paresis and occurs in cerebrospinal 
syphilis as well as in some eases of locomotor ataxia and tubercular 
meningitis 

TABLE 2— PSYCHOSES OTHER THAN GENERAL PARESIS 
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* Appearance clear and reaction alkaline throughout 

< Decreased > Increased = Normal 

The Noguchi modification of the Wasserraann reaction was used m 
the cerebrospmal fluid and in the blood-serum m both series of cases 
In fifty-seven cases of general paresis the Noguchi method gave fifty-one 
positive reactions m the spinal fluid In the other psychoses it gave only 
one positive in twenty-nine cases and that m a case of locomotor ataxia 
In the blood-serum the Noguchi-Wassermann method gave positive reac- 
tions in all of the fifty-seven cases of general paresis, while m the twenty- 
nine eases of other psychoses it gave ten positive results Of these ten* 
cases two were cases of locomotor ataxia and one had a history of syphilis 
In the other seven cases no history is available The original Wassermann 
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reaction in the blood-seium of the general paresis cases gave thirtj^-eight 
positive lesults in foity cases and in the non-paralytic cases gave twentj'-- 
five negatives out of twenty-eight Of the thiee positive leachons one was 
a case of locomotoi ataxia No reason can be assigned foi the othei two 
reactions Both of these^ however, were cases in which there was a reac- 
tion to the Noguchi modification In comparing the two systems the 
Noguchi modification is by many looked on as being too sensitive and 
giving too many positive results in non-specific cases This, however, as 
Noguchi suggests, may be due to the use of excessive amounts of antigen 
In regard to the interpretation of results Noguchi® says 

If theie IS a faint degiee of hemolysis, the mam bulk of coipuscles being 
intact, the leaction should be called positive A more intense hemolysis, with 
about 10 to 20 per cent dissolution of the corpuscle mass, should be called 
weakly positive, while 30 to 40 pei cent hemolysis is designated as faintly posi- 
tive Neither the iveakly positive nor the faintly positive leaction should be 
accepted as a definite diagnosis of syphilis without the piesence of stioiig clin 
ical evidence in favor of such a diagnosis 

In anothei place he says ® 

It IS my rule to base the diagnosis of syphilis on unmistakably strong reac- 
tions only, but never on weak reactions when the clinical diagnosis is unknown 
On the other hand, I take even a faint positive reaction as a sign of active 
syphilitic process still piesent when the specimen is derived fiom a known luetic 
case Again, foi the puipose of excluding possibility of syphilis from a case I 
put value even on a faint reaction, no matter whether the peisoii may seem 
healthy oi not 

It Will thus be seen that the result obtained is interpreted differently, 
depending on whether the case is one of known oi probable syphilis, one 
showing no evidence or history of syphilis or one of which nothing is 
known unless there is practically a complete inhibition of hemolysis which 
does not always occui in many known syphilitic cases In this way the 
personal equation enters strongly into the results obtained and the least 
inaccuracj in the amounts of the various factors concerned materially 
changes the results The most serious objection to the Noguchi modifica- 
tion would appear to be the variability in the amount of specific ambo- 
ceptor contained in the capillary drop of blood-seium used No two 
capillary drops fiom any two different tubes are the same Negative 
results will sometimes be obtained fiom a capillary drop of blood-semm 
which w ill give positive i esults when from 0 03 to 0 01 c c are accurately 
measuied fiom a graduated pipette for the test According to Noguchi 
a eapillaiy diop contains 0 03 cc of blood-serum 3Ieasiiiing a feu 
diops fiom ditteient capillaiy tubes wull readily convince anyone that 

8 Nogucbi Serum Dirgnosis of S'vpUiUs, Firat Edition 1910, p 01 

9 Nogucbi IT Di'CUasiou of Seiodi iguo-.is of Siplulis Jour Am !Mtd 
A-^n 1900, liii lo41 
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this IS onl} occasionally tine Blowing out a few diops on a glass sli^le 
lioni capillaij^ pipettes made fioni seveial diffieient sizes of glass tubing 
will be sufficient to convince an3^one that tins is a veii^ indefinite amount 

AVe liaie obtained veii^ satisfactoiy lesiilts lieie fioni the use of the 
oiiginal Wassoimann leactiou This method has the advantage of using a 
definite and easily and accuiately measuied amount of seium It is quite 
unusual foi blood to contain a sufficient amount of natuial antisheep 
aniboceptoi to influence the lesiilt Complement is completely lemoved 
b} inactivation We have not found the papei piepaiations of Noguchi 
to be stable oi leliable foi nioie than a few months although they aie 
much 11101 e convenient to use than the liquid antigen and amboceptoi 
The amount of complement contained in gnmea-pig seium is extremel} 
\aiiable and sometimes leads to eiioneous conclusions Onlv fiill-aiown 
pigs should be used and a titiation of the complement in the seium fiom 
a numbei of guinea-pigs will show that theie is no absolutely invaiiable 
dose which can be depended on toi use We have found the following 
method of using the Wasseimann leaction vei) satisf acton 

Patient’s seium 02cc oiOlcc (inactivated at 50 C foi one half houi ) 
plus 1 unit of antigen, plus 0 1 c c of guinea-pig complement undiluted, plus 
2 c c of 0 85 pel cent salt solution Incubate foi one lioui at 37 C Add 1 c c 
of a 5 pel cent suspension of sheep coipuscles and 2 units of anti- sheep auibo- 
eeptoi Incubate foi tw'O houis using the custoniaiy positiie and negatiie 
coiiti ols 

The acetone-insoluble ii action of the alcoholic extiact ot human 
heait IS used in the papei toim The antisheep amboceptoi is also used 
111 the papei loim and both of these have been as satisfactoiv as the papei 
piepaiations used m the Noguchi modification 

An effoit has been made to adopt the ‘ meiostagmin” leaction oi 
Ascoli to the diagnosis of geneial paiesis bv using the ceiebiospinal fluid 
and the alcoholic extiact of liiimaii heait as antigen Ascoli announced^'’ 
that the addition ot antigen of syphilis in van mg dilutions to the seium 
ot a pel son siifteiing fiom that disease bi ought about a consideiable 
change in the suiface tension of the fluid on standing ioi a time in the 
inciibatoi This change in tension is measuied bv a Tiaiibe ^talag- 
momotei Aftei niimeioiis attempts we have been unable to obtain ini 
uni form lesults ivith the seium ot syphilitic cases 

cojrciiUSiONS 

1 Theie is an inciease in the piotem content ot the eeiebiospmal 
fluid in general paresis 

2 Theie is a inaiked iiieiease in the globulin content in geneial 
pai esis 

10 Ascoli, ]M Die Spezidsclie Meiostagnum e iktion, Munch IMed I’^clmschr, 
1910, Ivii, 03 
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3 There is an increase in the globulin content in psychoses other 
than general paresis in many cases 

4 The increase in the globulin content can be shown better by usmg 
larger quantities of the reagents suggested by hloguehi for his butyric 
acid test, preserving, however, the same proportions This method will 
show an increase which would often be overlooked otheiwise 

5 The butyric acid test of Ifoguchi has not been accepted as abso- 
lutely diagnostic of general paresis 

6 The demonstiation of a lymphocytosis in the spinal fluid is one 
of the most reliable laboratory methods m the diagnosis of general 
paresis 

7 In the peiloimanee of the ISToguchi modification of the Wasser- 
mann reaction it is impoitant to use a sufficient quantity of the serum 
to be tested, the eapillaiy drop recommended by Hoguehi being a veiy 
variable amount 

8 The Noguchi method of interpreting the results of the Wassermann 
test diffeis largely from that of many other laboratory workers and may 
lead to various conclusions, dependmg on the observer 

9 The original Wassermann method is to be pieferred to the Noguchi 
modification 

10 The Noguchi method of using antigen and amboceptor m the 
papei form can be adapted to the oiigmal Wassermann reaction with 
advantage 

Binghamton State Hospital, Binghamton, N Y 



EDEMA OE THE PIA-ABACHHOID 

ITS I7ATtJEB, SIGISriFICANCEj EEIATIOJTSHIP TO AND ASSOCIATION WITH 

DISEASE PEOOESSES “ 

CHARLES K STILLMAN, MD 
NEW touk 

INTRODUCTION 

The following article is a study of the nature and significance of 
fluid accumulations within the subarachnoid space, based pimcipall}’ on 
post-mortem observations and mechanical consideiations 

Eor the sake of bievity it may be stated at the outset that the termi- 
nology employed to designate the various conditions of the biain and its 
membranes associated with excessive fluid accumulations has been con- 
fused by the use of many names, employed without due consideiation of 
the etiological or mechanical factois involved It is therefoie necessary 
to describe the various anatomical findings to which these different terms 
have been applied 

1 Pial Edemaj Edema of the Pia Mater ^ Edema of the Pia Arach- 
noid ^ Cerebral Edema^ Wet-Biam — These terms have been employed 
indefinitely to designate conditions accompanied by excess of fluid in the 
pia-aiachnoid The brain on cut section may or may not appear to be 
moist, the ventricles may or may not be “dilated ” The volume of the 
brain is not increased, on the contrary it often has given the impression 
of having been compressed It is this picture which is generally associ- 
ated with and attributed to chronic alcoholism, and which in this country 
has often been referred to as wet-brain 

2 Cerebral Edema j Edema of the Biain — Swelling of the brain with 
mciease m its volume The pia-arachnoid may or may not have con- 
tained an excess of fluid, usually the convolutions are described as flat- 
tened, owing, as supposed, to pressure of the voluminous brain against 
the skull These brains are then described as being moist, the condition 
being usually attributed to transudation into the bram substance of 
serum from the blood-vessels 

S Sejom Meningitis — ^Described usually as a serous or exudative 
inflammation of the soft meninges, with exudate into the subarachnoid 
space and its prolongations, with oi without gross thickenings of the 

■"Accepted for publication March 31 , ^ i 
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meninges The ventiicles may oi may not be dilated and the biain is 
or IS not secondarily involved^ the seat of an edematous or inflammatoiy 
process Ceitain writers in this eountiy, notably Dana, have regaided 
^^alcoholic wet-biain” and serous meningitis as synonymous 

Jf Hydiops ex Vacuo — This term has been used to desciibe the accu- 
mulation of fluid following the shrinkage of the brain fiom old age or 
fiom various pathological causes, to be mentioned latei 

5 Ghiomc Exiemal Hydi oceplidlus — ^This teim has been used to 
describe those appearances already referred to above, by some authors 
also, to describe accumulations of fluid in the subdural space and even 
those found between the calvarium and the dura matei ^ 

The above summary, derived from a critical survey of the literature, 
shows that these various terms, although m iliemselves perfectly clear 
and descriptive, have been used indisciiminc.leiy to designate different 
anatomical conditions without any consideration of the underlying patho- 
logical processes in which they had their origin 

Although the older writers did not formulate any noteworthy theories 
as to the causation of excessive accumulations of fluid in the brain,” they 
nevertheless displayed considerable interest in its supposed mechanical 
effects Thus we find in Watson’s Lectures (1845), the following rather 
quaint description of fluid collections in the pia-arachnoid in connection 
with uremic coma 

Now vhen death had thus taken place m the ^vay of coma and the case had 
been complicated ivith anasaica, and serous liquid is found accumulated in 
unnatural measure in the cerebral ventricles, and in the tissue of the pia matei, 
it seems reasonable to ascribe the coma to the presence and the pressure of that 
liquid The dropsy has extended to the brain And this view of the matter is 
strengthened by the connection which may sometimes be noticed between the 
accession of the coma and the visible increase of the dropsy in other parts of the 
body My own experience accords entirely with that of Dr Christison as 
expressed in the following statement “If the dropsical fluid be allowed greatly 
to accumulate, drowsiness, the first symptom of the afiection of the head, aeiy 
soon makes its appearance in the generality of cases and it will speedily pass to 
tatal coma if not conti oiled, but the removal of the dropsy will usually lemove 
the drousiness” To many cases, however, this explanation will not apply 
there being no moibid collection of uatei within the skull, nor any other appie 
ciable change there, nor perhaps any diopsy elsewheie 

The fluid collections desciibed by Watson weie doubtless that veiy 
common foim of pial effusion with which this paper particulaily has to do 

In 1861, Traube* opened up a new vista in the field of intracranial 
mechanics by stating that the brain is often swollen and edematous in 

1 Ri\a, E Idrocephalo interne ed esterno, Eiv spei di fieniat, 1908, xxxiv, 
207 

2 Traube quotes Osborne as attributing the condition to an arachnitn 

3 Watson, Thomas Prmciples and Practice of Physics, London, 1845 

4 Traube, L Eine Hypothese ilber den Zusammenhang, in welchem die soge- 
nannten ur imischen Anfalle zur Erkrankung der Nieren stehtn, AlJg med Centr 
Ztg ISGl, XXX 818 
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ceitam cases of uremia Since Traube® may thus be legaided as the 
founder of a new school^ a somewhat detailed consideiation of his paper is 
imperative In discussing uiemia he says ‘‘In all cases observed by me 
in which a careful examination of the cranial contents has been made 
after death, there was observed with a well-marked anemia \Blut-AimutK\ 
of the brain, a more oi less considerable edematous swelling of the same 
(as shown by flattening of the brain convolutions and diyness of the 
arachnoid, with moist glistening of the cut section) Further on he 
writes “In some of these cases the fresh petechne \Blut-Ei gusse] were 
distributed in the foiin of fine sand up to hemp-seed foci thiough the 
large and small brain and pons due,^^ as he states, “to increased aiteiial 
pressure ’’’’ He lays especial stress upon two factors in the causation of 
brain edema in uremia, first, the hydremic condition of the blood, due 
to loss of albumin through the urine and through gastro-mtestinal 
catarrh, and second, to the increased tension in the aortic system fiom 
hypertrophy of the left ventricle ® He goes on to say 

If thiough any accidental cause there occurs a sudden inciease of blood- 
pressure, or if there is a sudden diminution in the thickness of the blood-seium, 
there transudes a serous fluid through the walls of the small arteiies into the 
brain substance, and thus brain edema ensues The fluid elements of the blood 
transude under the mean pi assure in the aortic system Since this pressure is 
greater than that in the capillaries and veins, so these vessels must finally be 
compressed The necessary consequence of a brain edema aiising from such a 
cause IS an anenna of the bram substance The transudation, as will be readilv 
understood, resists up to the moment when the tension of the edematous biain 
parts equals the mean tension o£ the aortic system 

Tiaube’s explanation of the causes bringing about tiansndation is 
not generally accepted He cites a ease of cerebral edema in an epileptic 
who at autopsy was found to have a cysto-sarcoma of the bram Theie is 
reason to believe that from this case he derived the idea on which he 
founded his theory as to the causation of the attacks of coma and convul- 
sions occurring in cases of uremia and of chronic lead-poisonmg 

Several years after Tiaube’s papei appeared, Billroth® (1869) 
observed anatomical changes in the brains of postoperative subjects 
somewhat similai to those described by Tiaube 

Hiemeyei® (187''<') and Huguenin (1878) reconsidered the pioblem 
chiefly in connection with the phenomena of uremia 

5 Traube, L Gesamnielte Beiti ige s'ui Pathologic und Physiologic, ii. Part 
1, 551 

6 Traube, L Gesammelte Beitrage zur Pathologic und Physiologic, ii. 
Part 1, p 553 

7 Traube, L Gesammelte Beitrage zur Pathologic und Physiologic, ii. 
Part 1, p 554 

8 Billroth Ueber akute Memng serosa und akute Gehirnodem nach chirur- 
gischen Operationen, Wien med Wchnschr , 1869, vix, 2 

9 Niemeyer Lehrbuch der speziellen Pathologic und Tlierapie, Ed 9, 1877, n 

10 Hugenin, G Hydrocephalus und Oedem des Hirns, Handbuch der spe- 

ziellen Pathologic und Therapie von v Ziemssen, Suppl Vol , 1878, p 25 
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Bergmann^’- (1880) described an edematous condition in connection 
with injuries of the brain, while Dean^- piodueed local edema experi- 
mentally by placing a glass disc between the brain and the dura 

Phelps^^ (1897) believes that edema of the brain may follow on con- 
tusion and W hr Bullard^^ (1895) states that edema of the brain lesults 
from concussion The latter writes 

Brain swelling undoubtedly occurs in certain cases of apoplexy, and in a 
chronic form in many intracranial diseases This, Or something analogous to it, 
the so called acute edema of the brain, is the immediate cause of death in 
cases of acute alcoholism, of sunstroke and perhaps (in its chronic form) in 
uremia 

Walton and Biooks^® (1897) have also dwelt on the subject of edema 
of the brain and its membranes from a surgical standpoint Walton 
m his subsequent paper^^ has considerably modified his previous 
conceptions ' 

W B Cannon^® m an article published in 1901, presented certain 
striking and original conclusions on the causation of cerebral edema 
following trauma, which will be latei referred to, while at about the same 
time MotP^ succeeded in producing experimental edema of the brain in 
dogs by ligation of arteiies, and Osler“° (1901), following Traube, 
described ceiebral edema particularly in connection with uremic coma 

The subject of cerebral edema has aroused great attention among 
physiologists only within a comparatively recent period Wilson-^ (1904) 
studied the condition in connection with uremic and eclamptic seizures 


11 Bergmann Die Lehre von den Kopfverletzungen, Deutsch Chii , Stutt- 
gart, 1880, XXX, 420 

12 Dean, H P Cerebrospinal Pressure, Jour Path and Baetenol , 1893, 
1, 26 

13 Phelps, C Traumatic Injuiies of the Brain and Its Membranes, New 
Yoik, 1897, p 53 

14 Bullaid, W N A Consideration of Some of the Indications for Operation 
in Head Injuries, Med and Surg Hep , City Hosp , Boston, Series 6, 1895, p 60 

15 Bullard, W N Increase of Intradural Pressure in Head Injuries, Boston 
Med and Suig Jour, 1898, cxxxviii, 271 

16 Walton, G L , and Brooks, W A Observations on Brain Surgery Sug 
gested by a Case of Multiple Cerebral Hemorrhage, Boston iled and Surg Jour , 
1897, cxxxvi 301 

17 Walton, G L Subarachnoid Serous Exudation Pioductive of Pleasure 
Symptoms after Head Injuries, Am Jour Med Sc , 1898, cxvi, 207 

18 Cannon, W B Cerebral Pressure Following Trauma, Am Jour Physiol , 
1901, VI, 91 

19 Mott, F W Preliminary' Communication on the Changes in the Brain, 
Spinal Cord, Muscles and Other Organs Found in Persons Dying after Pro 
longed Epileptiform Convulsions, Arch Neurol , London, i, 493 

20 Osier, Wm Practice of Medicine, 1901, p 997 

21 Willson, R N The Pathogenesis of Uiemia and Eclampsia, Jour Am 
Med Assn, 1001, xliii, 1019 
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B Biamwell-- (1906) mentioned ceiebial edema as a possible cause 
of nieniic attacks The following yeai A E EusselP^ (1907) intro- 
duced Ins thesis in the following terms ‘‘The purpose of this paper is 
to put foinaid the proposition that there is evidence to show that ±he 
eeiebial manifestations of uieinia are dependent on cerebral anemia 
produced bj^ an increase in intraeiamal tension resulting fiom cerebral 
edema Following Eussell, Cushing and Boidly^'^ (1908) published 
a paper based chiefly upon the observations and findings ante and post 
mortem in a case of uremia in uliicli decompression was performed, as a 
result of which he concludes ‘Tn legaid to uremia, therefore, to be con- 
servative we ma\ at least sa} that the symptoms are elicited by edema 
resulting from some toxic agency, and are not, as is commonly supposed, 
due to the direct effect on the cerebral tissues of the toxic agent alone 

EusselP® has very recently (1909) presented additional evidence sup- 
porting the hypothesis that the presence of edema of the brain is an 
important factor in the production of uremic phenomena He says, 
speaking of Cushing’s decompression case (mentioned above) and other 
recent data 

The foiegomg facts indicate that in uiemia a state of increased intiacianial 
tension is present, and that lelief of pressuie by lumbai punctuie oi decom- 
pression causes a marked alleviation of the symptoms Tiaube’s view that ceie- 
bial edema (which would pioduce the use in the intracranial tension) pioduces 
anemia of the biain is stiongly suppoited by the above facts and especially by 
the sti iking case of decompiession 

Eussell does not deny a concomitant toxic action on the biain but 
thinks it possible that status epilepticiis may be due to an anemia of the 
brain following on a prolonged increase of intracranial piessuie Theie 
IS, as has been shown, a very strong tendency among the members of the 
Tiaube school to assume that the use in mtiacranial tension is due to 
cerebral edema As a matter of fact ceiebial edema is a very inconsistent 
phenomenon in uremia, as has been noted not only by Eussell but by 
Bramwell, and by a large number of authors who aie not identified with 

22 Biamwell, B Clnucal Lectuie on Uiemia and its Tieatment, Clinical 
Studies, Edinburgh, 1906, Bait 1, p 1 

23 Russell, A E Uiemia, West Bond Med Joui , 1907, xii, 9 This papei 
contains an excellent bibliography of the use of lumbar punctuie in uremia 

24 Cushing, H, and Bordley, J , Ji Subtempoial Decompression in a Case 
of Chionic Nephritis with Uremia, etc. Am Jour Med Sc, 1908, cTxxvi, 484 

25 Cushing has dealt with the subject to a less extent in previous papei s. 
See Am Jour Med Sc , 1903, cvxv, 1017 

26 Russell, A E The Gouldstonian Lectuies on Some Disoiders or the 
Ceiebral Circulation and Then Clinical Manifestations, Lancet, London, 1909 , 

1, 963, 1031, 1093 

27 Huguenin, Ibid 
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the Tiaiibe school, namely, Huguenin, John Eose Biadford,^® Senatoi^^ 
and Eiesman 

In this connection the obseivations of Kolisko®^ on swollen and 
edematons brains, are most inteiesting This observer has described a 
type of brain in which the brain is sv ollen and wet, the ventricles reduced 
in size and the fluid of the subaiachnoid space diminished or absent, the 
convolutions flattened, associated with dural hernias, and maiked 
tvipj essiones digitates — the lattei being due to a compiession atiopliy of 
the innei table of the skull described as following upon a piematuie 
ossification of the cranial sutures 

The clinical phenomena in these cases ha\e not appealed to beai iinich 
resemblance to those lecoided by the Traube school 

The term '^^serous meningitis,'’-’'’ the etiological and anatomical status 
of which IS intimately involved in any consideiation of sub-aiaciinoid 
eflusions, is of comparatively lecent inti eduction, although its employ- 
ment antedates the bacterial era of medicine 

Since the development of oui subject depends chiefly on anatomical 
rather than general clinical consideiations, we shall legaid serous memn- 
, gitis chiefly from the anatomical and mechanical point of view, and limit 
our review of it 

Among earliei wiiteis it was usual to asciibe all cases of mteinal and 
external hydrocephalus to tuberculous meningitis, although certain 
observers, notable among whom were Dietl,®- Eokitanslcy,^® Wunderlich*-* 
and Leubuscher*® did not agree with this opmion 

In 1869 Billroth*®' distmguished a form of acute hydrocephalus of 
supposed non-tubeieulous oiigin to which he applied the name of menin- 
gitis serosa But it was not until Eichorst** (1887’) published his obser- 
vations that much emphasis was laid on the idea that a simple serous 
inflammation was the pathological process in many of these cases 

28 Bradford, John Eose Observations on the Pathology of the Kidnejs 
Gouldstonian Lectures, Lancet, London, 1808, i, 917 

29 Senator Diseases of the Kidnejs, 17othnagePs Encyclopedia, Am Ed 
p 103 

30 An analysis of the fourteen autopsies on cases of uiermc aphasia, quoted 
b\ Dr D Eiesman, Uremic Aphasia, Jour Am Med Assn , 1902, -va-mx, SSJ 
shows SIX in which there -was moisture of the brain or edema One had maiked 
distention of the right ventricle and the remaining seven brains were described as 
1101 mal 

31 Ivolisko, Alexander Plotzlicher Tod aus naturlicher Ursache, HindbuLli 
der arzthchen sachverst indigen latigkeit Vienna and Leipsic, 1900, ii, 702 
et seq 

32 Dietl Anatomischer Ivlinik der Gehirnkrankheiten, 1840 

33 Eokitansky Lehrbuch der pathologischeii Anatomic, 1850, ii, Ed 2 

34 Wunderlich Die Pathologic und Iherapie, 1854, in, Ed 2 

35 Leubuscher Die Pathologie und Tlier ipie der Gehirnkrankheiten, Bei Ini 
1854 

30 Eichorst Haadhuch der speziellen Pathologic und Therapie, 1887, in 
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Eichorst believed that the pioeess was due to a mild infection and 
lemained serous throughout, while Goweis®’’ (1893) desciibed the process 
as a meningitis simplex as distinguished fiom a meningitis purulenta 
He was followed shoitly by Quincke®® who elaboiated a definite symp- 
tomatology foi this disease 

The literatuie of seious meningitis has become so enormous that it 
IS out of the question to attempt to review it, especially since Boenning- 
haus®® has given a compiehensive summary of the subject up to 1897 
and Hafslauer'*® has subsequently reviewed it up to 1906 

The subject did not receive much attention m the United States until 
Hana^^ (1897) published his article entitled “Acute Seious Meningitis 
(Alcoholic Meningitis, Wet-Biam) ” Since then, articles, monographs 
01 reports of cases bearing on the subject have appeared in this countrv 
by Lambert,^® Smith,'^® lYest,^-* Giadle,‘‘® Stillman,"*® Eischer,^'^ Diller,*® 
Collins,*® Tod,®® Spillei®*- and Stem®®, and abroad, either comcidently 
with or since Hasslauei^s summaiy by Veihoogen,®® Hasslauer,®^ Blau,®® 

37 Gowers Diseases of the Neivoiis Sj'stem, 1892, ii 

38 Quincke Ueber Meningitis sei osa, Samnil klin Vortr , new sei les, No, 
67, 1893, p 655 Also Uebei Meningitis seiosa und veiwandte Zustande, Deutsch 
Ztscbr f Neivenh, 1896, pp 149-168 

39 Boenningbaus, G Die Meningitis seiosa acuta, eine kiitische Studie, 
Wiesbaden, 1897 

40 Hafslauer Uebei Meningitis seiosa, Sammeli eferat mteinationales, Cen- 
tralbl f Ohrenb , 1906, iv, Pait 8, p 341 

41 Dana, C L Med Rec , New Yoik, 1897, lii, 801 

42 Lambert, A Alcoholism, Oslei’s Modem Medicine, 1, 157, Bellevue Hosp 
Med and Surg Rep, 1904, 1, 113 

43 Smith, E T Meningitis Seiosa, Ti Am Otol Soc , New Bedford, Mass, 
1907, X, 550 

44 West, J P Seious or Posterior Basic Meningitis, Its Early Recognition 
and Tieatment, Ohio State Med Joui , 1909, v, 323 

45 Gradle, H A Case of Seious Meningitis, Joui Nerv and Ment Dis , 
1906, xxxiii, 126 

46 Stillman, C K Postdelirious Alcoholic Stupor, Alcoholic Cerebial Edema, 
(Wet-Brain), New York Med Jour, 1908, h^xvii, 154 

47 Fischer, J S Serous Meningitis, Maryland Med Jour, 1908, li, 158 

48 Diller A Case of Serous (Alcoholic) Meningitis Simulating Brain Tumoi , 
Jour Nerv and Ment Dis , 1898, xxv, 441 

49 Collins, J Diseases of the Meninges, Twentieth Century Piactice of Medi 
cine, N Y , 1897, x, 355 

50 Tod, H Lateral Sinus Thrombosis, Subsequent Meningitis (Meningitis 
Serosa) , Recovery, Otol , sec 30 32, Proc Roy Soc of Med , 1907-1908, i, 30 

51 Spiller, William G Circumscribed Serous Spinal Meningitis, Am Jour 
Med Sc , 1909, cxxxvii, 95 

52 Stem, R Serous Meningitis in Typhoid Fever and Its Treatment by Lum 
bar Puncture, Am Jour Med Sc , 1910, cxxxix, 542 

53 Verhoogen, R La mgningite sereuse Jour d med , Brux , 1907, xii. 111 

54 Hafslauer Die baktenologisehen Befunde bei der eiterigen und serosen 

Meningitis mit besondeier Berucksichtigung die bei der Lumbalpunktion, etc, 
Intemat Centialbl f Ohrenh , Leipsic, 1906-7, i, 65 -o <• 

55 Blau, A A Case of Serous Meningo-Encephalitis with Autopsy Report, 

Ztschr f Ohrenh , 1906, lii, 129 
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Avellis,®® Eiebold,®^ Thiemieh/® Paradis/*’ Axhausen®'’ and L Williams*’*’ 
A notable phase in the development ot this subject of serous meningitis 
in the last few years has been the inteiest and attention which it has 
leceived fioin otologists 

The etiology is so much in dispute and the descriptions of this piocess 
by various writers are so divergent, not only from the clinical but also 
from the anatomical standpoint, that it is impossible to define precisely 
what IS meant by this term This state of affairs makes it also impracti- 
cable to dwell on the mechanical problems involved It is clearly out of 
the question to analyze the hundred oi more articles which have appeared 
with this name for a subject 

In general, however, it may be said that an external and an internal 
form of serous meningitis are recognized and that these may be acute oi 
chronic In the acute external form the cortical pia arachnoid is 
described as being inflamed and infiltiated with round cells oi leukocytes 
with serous exudation into the subarachnoid space and its prolongations 
Sometimes the adjacent biain tissue is inflamed and edematous When 
chionic, the pia may oi may not be described as thickened In the intei- 
nal form theie is transudation into the ventricles with dilatation 
Quincke and others®- have desciibed the fluid as cleai Boenmnghaus®® 
believes that acute idiopathic hydrocephalus follows acute serous menin- 
gitis, while Thiemich®'’ apparently considers that the '^so-called acute 
hjdiocephalus of childhood” and “ventiiculai serous meningitis” are 
identical 

Both Boenninghaus and Quincke have noted that non-inflammatoiy 
collections of fluid in the pia-arachnoid space are easy to mistake foi 
seious meningitis These pial effusions were discussed by Huguemn 
many j'eais previously He noted their association with certain atiophic 
states of the biain I consider that knowledge of the subject has not 
gieatlj”- advanced since Huguemn’s time 

Of late years much attention has been given to the abnormally large 
collections of fluid so often seen beneath the arachnoid membrane in 

56 Avellis, G Oertliche Seiosa Meningitis bei akuter Keilbeineiteiung init 
Spontanlieilung, Verliandl d Ver sud deutsch Larjmgol , 1907, 454 

57 Eiebold, G Ueber seiosa Meningitis, Deutsch med Wchnsclii , 1906, xxmi, 
1S59 

58 Thiemich, M Serous Meningitis in Diseases of Cliildien, Pfaundler and 
Scblossinan, Eng Trans, 1908, iv, 376 

59 Paradis, A Uebei Meningitis serosa, B Geoige, Leipsic, 1906, p 26 

60 Axhausen, G Zur Kenntniss der Meningitis serosa acuta Beil klin 
Wchnscbr , 1909, -v-lvi 244 

61 Williams, L Serous Apoplexy, Med Press and Circular, 1006, Ivxxi, 409 

02 Thieniich (Serous Meningitis in Diseases of Children, p 413) considers 

th it the fluid of internal serous meningitis is usually clear but that there are 
'light changes iihieh indicate inflammation of the chorioid plexus and ependiiiia 

t)3 Boenninghaus Die ileningitis eerosa acuta, p 93 

64 Thiemich Serous ifemngitis, in Disea'^es of Children, p 115 
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subjects that have died of chionie alcoholism It was piimaiih vith the 
puipose of shedding some light on this subject that my papei was begun 

It became clear to me that post-moitem examinations of the brain 
alone -would never throw sufficient light on the causation of these accumu- 
lations of fluid I determined tlieiefoie to approach the subject by the 
following methods 

1 By means of an analysis of a series of cases, to show the frequency 
of association of pial edema with various diseases and to determine the 
influence of other factors such as age and nutrition 

2 By a consider ation of the physical phenomena underlying the 
accumulation of fluid m the cranial cavity 

3 To determine whether there were any chemical differences m the 
ceiebiospiual fluids in these various conditions that might indicate then 
etiological relation 

4 By the estimation and comparison of brain weights or volumes 
and cranial capacities in a series of cases 

With this brief introduction I now proceed to describe my 
ob'^eivations 

PIRT I AyALlSES OF CASES ACCOBDINO TO AGE, FUTRlTIOy AFD 

DISEASE 

Pial edema is a very common condition at autopsy, for out of a total 
of the 665 cases winch form the basis of this report, it 'V’-as recorded 3T5 
times a percentage of 56 4 

The eases -with pial edema (375) have been placed in one group, those 
without pial edema in another 

AGE 

An examination of the appended table shows Bust, a relative fre- 
quency of pial eliusion in infants fiom 4 months to 5 years of age 

Second, an entire absence of this condition betiveen the ages of 6 and 
15 years, followed by a rapid increase that culminates between the thnty- 
fifth and fortieth years with latei a moie gradual inciease that reaches 
the maximum at from 80 to 85 years (old age) 

The youngest subject with pial edema was 4 months old When it is 
observed that m this series there were fully thirty-one cases of children, 
between birth and the fourth month, with dry pias, this initial date mar 
not be without some significance The absence of pial edema in nine 
subjects between 6 and 15 is also significant 

65 ElgMv-t ^\0 infants weie examined, of these eighteen pieseiited pnl 
effusion that m 219 per cent of the total number of cases 

66 The ages of the thirty-one eluldien mentioned above weie as follows 13 
horns, 20 hours, 2% days, 13 days 21 davs 1 month (three cases), 6 -weeks (two 
cases), 7 weeks, 2 -months (nine cases) 9 weeks 10 weeks, 3 months (nine case?) 

67 A case of marked pial edema m a boy of 15 who died of 3 inenile paie-,i- 
was ohseived subsequently In this case the brain shrinkage is readih exp ainai e 
on pathological giounds 
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In the examination of fomteen cadaveis between the ages of 16 and 
SO 3 - ears, pial edema was found twice, or in 14 2 per cent 

In an examination of thirty-fom cadaveis between the ages of 31 and 
So, S6 4 per cent piesented pial edema Of the nine, five showed a slight 
degree, three a moderate degree including one ease of alcoholism, and 
one a marked degree (a case of eerebial S 5 rphilis) 

In foity-five subjects between the ages of S6 and 30 yeais, 51 1 pei 
cent, 01 twenty-thiee presented pial edema, five slight, nine model ate 
(including two alcoholics) and nine maiked cases It is impoitant to 
note that in the nine marked cases, six subjects had lesions usually 
accompanied by biain shrinkage 

In sixty-four eases between the ages of 31 and 35 yeais foity cases 
showed pial edema, twenty moderate, twelve maiked, and one extieiue 
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Fig I — Chart, compiled from 604 cases, showing relative frequeiicj of pial 
edema at various ages 


(including eight alcohohcs and one case of insanity) The cause of 
death in the “extieme” ease could not be deteiinined 

In sixlyr-thiee subjects between the ages of 41 and 45 jears, 61 9 per 
cent, 01 forty-one showed pial edema, tuent 3 '’-one of modeiate, eleven of 
maiked and two of extienie grade, including in all six alcoholics 

In lilty-six subjects between the ages of 46 and 50 jeais, 58 9 pei 
cent , 01 thiit)-thiee, showed pial edema, twelve of modeiate and eighteen 
ot maiked giade, includmg foiii alcoholics 

In foity-six subjects between the ages of 51 and 55 veais 71 7 per 
cent, or thirty-thiee, showed pial edema, thirteen modeiate seventeen 
maiked one extieme (pulmonarj tuberculosis) This group included 
two cases of chronic alcoholism and one of insanity 
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In thiity-one subjects between tbe ages of 56 and 60 jeais, twent}- 
one, or 67 7 pei cent, showed pial edema, eight modeiate, nine inaiked 
and one extieine 

In thiity-foui cadaveis between the ages of 61 and 65, 82 5 pei cent , 
01 twenty-eight, showed pial edema, nine modeiate, eleven marked and 
three extreme cases, one case of alcoholism 

In foniteen subjects between the ages of 71 and 75 yeais, 92 8 pei 
cent, or thirteen, showed pial edema, six moderately and foni maikedly 
The fonr subjects between the ages of 76 and 80 yeais, 75 per cent , 
01 three, showed pial edema, all maikedly The biain of the subject 
without edema was noimal in size and appeal ance 

In six subjects between 81 and 85 years of age, 100 pei cent showed 
pial edema, two model ately, two maikedl}^, and two extremely 

There was one subject showing pial edema between the ages of S3 
and 90 yeais 

NUTRITION’ 


In neithei adults oi childien did theie appear to be any definite 
relation between pial edema and emaciation 

Of 357 cases of pial edema in adults, foity-nine were not fully 
described as regards nutrition and therefore were subti acted from the 
general total, leaving 308 cases for anahtical pui poses The state of 
nutrition in these cases of pial edema vas as follows 


Fat 

Fan to good nutiitiou 
Poorly nomished 
Emaciated 
Markedly emaciated 


14, 01 4 5 pel cent 

1G8, 01 54 pel cent 
34, 01 11 per cent 
C4, 01 20 7 pel cent 
28, 01 9 pel cent 


From the above it is seen that pial edema is associated with good 
nutrition in the majority of instances, (59 per cent as against 41 pei 
cent for the badly nourished) 

Of the eighteen infants who had pial edema, two were not fullv 
described as regards nutrition The lemaining sixteen presented findings 
similar to those of the adult senes given above The nutiition in the^e 
cases was as follows 


Fat 

Well nouiished 
Poorly nouiislied 
Emaciated 
Much emaciated 


The question whethei all poorly nouiished people have pial edema n 
answeied by leferiing to the data eoneeining the cases in nij’^ senes with 
diy pias In this group cachexia was present niiietj -eight times una-so- 
ciated with any subarachnoidal collections of fluid a number sufficienth 
laige to show that no lelationship exists between the two conditions 
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BELATIONSHIP BETWEEIST PIAL AND EDEMA DISEASE PROCESSES®® 

The records weie grouped according to the anatomical diagnosis with 
a view of determining whether an}'' diseases oi conditions were regularly 
associated with pial edema 

Pial edema is found on the aveiage in practically two out of eveiy 
three adults at autopsy In oui series of 543 adults, the subjects with pial 
edema, 355 in number, constituted 65 5 pei cent of the total numbei 
Those without pial edema, 187 in numbei, compiised 34 5 pei cent of all 
the subjects 

It IS evident 'that pial edema cannot be assumed to be related to any 
particulai disease process unless it can be shown that it occurs with 
greater frequency with that disease than it does with other diseases The 
simplest method to determine whethei such an association exists for anv 
paiticulai disease is to compare the number of subjects which show pial 
edema with those which do not show pial edema If the ratio exceed 
65 5 34 5 (the ratio of our total cases as shown above), such a lelation- 
ship would be indicated 

The total number of cases of a given disease from both the edema 
and the no-edema column was set down and the percentages computed 
Foi example, under the heading "Adhesive Pleurisy” I found thirty-one 
eases associated with pial edema and twenty cases unassociated, the pio- 
portion of one to the othei expiessed in percentages is 64 5 and 35 5 
pel cent respectively 

These figures repiesent the absolute percentages, since the numbei 
of cases of pial edema available for study is much larger than the numbei 
of cases without pial edema we can deteimine the relationship which the 
disease beais to the disease piocess in question by the use of a method 
which does away with the necessity of directly contiasting two unequal 
senes This is accomplished by reckoning percentages in each column 
(i e the pial edema, and the non-edema column) sepaiately and then 
by compaiing the peicentages so obtained The results in each case are 
found to be independent of the numbei of cases in eithei senes, as the) 
lepiesent propoitions only Then lalue consists wholly in then use foi 
puiposes of comparison 

Using this method we leckon fiist the peicentage of adhesive pleuiisv 
(thirty-one cases) in the pial edema column (355 cases) , this gives us 
the figure 8 7 pei cent We then similail}'' leckon the percentage of 
adliesive pleuiisy (twenty cases) to the 1S7 eases of the "contiol” seiie= 
winch is found to be 10 pei cent These percentages being compaied 
with one another mdieate that adhesive pleurisy occuis with about the 

6S The tabulated cases on which these statistics are based were so evtetiaue 
that it was found impracticable to include them in this article I shall be %tr\ 
"lad to submit them to am one interested 

O 
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same fiequeiicy both with and without pial edema, since the pioportion 
of occniience of the lesion is neaily the same in eithei senes If now we 
should find that for any given disease we had a high peicentage m the 
pial edema column, while much lower in the no-edema column, we should 
infer that the lesion either played some etiological rble or was at least 
definitely associated with pial edema If on the other hand we should 
find the peicentage in the pial edema column level with or below the 
peicentage for the same disease in the other column we should decide that 
the disease bore no particulai relation to pial edema 

It will be at once observed that a negative result is attained when the 
percentages foi a given disease are the same or nearly the same in the 
pial edema and the control columns 

It was consideied best to draw conclusions only wheie the figures 
weie high enough to lend value to such percentages and for this reason 
lesions that appeared a few times only on the chart weie not emphasized 
As a result of my preliminary studies in childien and young people, 
it seemed wise to omit all cases under maturity from the disease columns, 
since it IS possible that in them certain unexplained factors of develop- 
ment might result in confusion 

Acute Pa) encliymatous Nepliutis — ^Reckoning the percentages by the 
method alieady explained, I found that acute parenchymatous nephritis 
was present in 10 9 per cent of all cases with pial edema, and in 10 6 per 
cent of all the cases of the series without pial edema 

Ghio)nc InferstiUal NeplinUs — Reckoning the percentages in each 
column separately, chronic interstitial nephritis was found present in 32 9 
per cent of all cases with pial edema and in 30 4 per cent of all cases 
without pial edema The small granular kidney was present m 18 5 per 
cent of all subjects having pial edema and 15 5 per cent of all subjects 
without pial edema 

These figures do not indicate any essential relationship between pial 
edema and this type of kidney lesion 

Taken altogether our figures indicated an absence of association 
between pial edema and acute or chronic Bright’s disease 

Syphilis — Aside fiom paresis, which will be refeiied to again, the 
figures of the table did not suggest that general syphilitic infection plays 
a causative lole 

09 In foity cases \Mtli pial edema the micioscopical sections showed no tiace 
of any kidney lesion, while in about the same number of cases there were noted 
only slight oi beginning renal changes It should be noted that the single case 
of uremia which we had, showed a slight degree of pial edema There nas no 
moistuie of the cut surface apparent to suggest cerebral edema, no flattening o 
the convolutions oi any othei sign cliaracteiistic of the biaina esen e J 
Trauhe 
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Ohomc Puhnonaiy Tub eicuhsis— This was piesent in 16 3 pei cent 
o£ all cases of pial edema and in 26 7 per cent of all cases without pial 
edema 

Gluonic Oai diovalvidai Disease — The hguies obtained were 10 9 pei 
cent with pial edema and 11 7 per cent without 

General Ai tenoscle'i osis — The figures obtained weie 12 9 per cent 
With pial edema and 9 4 pei cent without pial edema These figures do 
not suggest a lelationship between pial edema and aiteiiosclerosis 

Anemia — ^We had only foxii eases of anemia Two of these weie 
associated with pial edema and tivo were not 

Advanced Alcoholism — Heie was found the fiist really significant 
evidence of relationship between pial edema and a disease process Alto- 
gether there weie eighty-nine cases of chronic alcoholism in the senes 
Of these seventy-two subjects had pial edema^ or 80 9 pei cent, while the 
remaining seventeen had dry pias, oi 19 4 per cent Eeekonmg the pei- 
centages foi each column separately I found that chronic alcoholism was 
present in 20 2 per cent of all oui eases with pial edema and piesent in 
only 9 per cent of all eases without pial edema The fiequeney with 
which pial edema occurs in clnonic alcoholism is thus repiesented by the 
latio 20 2 9, the latter figuie being taken to represent the pioportion 

of ehiouic alcoholics in which no pial edema is present It may thus be 
said that pial edema occuis in something like two-thiids of all cases of 
chionie alcoholism 

Pial Edema Associated with Tiansudatioii in Othei Paits of the Body 
— A Localized oi Generalized Subcutaneous Edema My tables showed 

1 Localized edema of the subcutaneous tissues occurs apparently 
without special i elation to pial edema 

2 Generalized edema Anasaica shoved a slight pieponderance in 
the pial edema column, but the small numbei of cases quoted rendered 
this piopoition of little oi no value 

3 Ascites The same thing may be said of ascites as of anasaica 

B Pohserositis I had a sufficient numbei of eases (foi'ty-foui) to 
wail ant me in drawing conclusions fiom the percentages obtained The 
peicentage of seiositis cases was sliglitty higher in the control column 
(20 per cent ) than in the pial edema column (IS per cent) We theie- 
foie concluded that polyseiositis is not associated with pial edema legu- 
laily and that it does not have necessaiily the same causative factors 

Condition Associated with Acute Toxemia — I had 466 cases which 
weie considered as belongmg in this category, 304 of these presented pial 
edema, the remaining 162 weie not associated with this condition 

Beekoniiig the peicentages of each senes as alieady eiplamed, I 
found acute toxemia in some foiin present in S5 pei cent of all ca=e3 
that had no pial edema 
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Conditions Associated with Bactenemia — There weie 191 capes that 
could piopeily be gionped undei the heading of bactenemia, 111 of these 
presented pial edema, the remaining eighty had no pial etfnsion I thus 
found bactenemia piesent in 31 pei cent of all oiii cases of pial edema, 
and present in 42 pei cent of eases without pial edema 

Cliiomc Inftammaio) 1 / Leswn^ in the Seions Cavities — I had alto- 
gethei 104 cases that weie included nndei this heading,'^® sixty-fom of 
these showed pial edema, while foity weie unassociated with pial edema 

Chronic inflammation of the seious cavities was thus piesent in 18 
per cent of the cases of pial edema and piesent in 21 3 pei cent of the 
cases without pial edema 

Chionic Gasti itis — This condition was piesent in 13 2 per cent of 
the cases with edema of the pia and in 13 9 pei cent of the cases which 
did not piesent pial edema 

Malignant Tumois — The figuies for these cases disclose nothing of 
significance 

Status Lymphaticus — Of the fifteen cases of status 13 'mphaticus in 
our senes, twelve brains weie large enough to completely fill the skull 
cavity Pial edema was piesent in only three 

Piom the considerable propoition of large 01 fully developed biains 
noted with status lymphaticus, it might be inferied that we had heie to 
do with a brain hypeitiophy similai to that indicated by Anton"^^ and 
described by BarteF- in some of his ^‘status’’ cases Such an infeience 
should not leeeive undue emphasis, fiist, because complete weight leeoids 
are not available in oui senes, and, second, because a large piopoition of 
oui subjects happened to be young people in whom brain volume is 
usually considerable 

Insanity — The psychopathic cases, most important because of the 
possibility of organic changes being present, were too few in numbei for 
comparative figuies 

SUMMARY 

Age — Edema of the pia vas not found m my senes befoie the fouith 
month It occuired with moderate frequency from the fourth month 
to the fifth year Between the fifth and sixteenth yeais it was absent 
Beginning with the sixteenth jeai it lapidly inci eased in frequency to 
the period between the thiity-sixth and fortieth years,'^^ when, following 
a slight shaip decline, it continued to increase though less rapidly 
thioughout the later periods of life, becoming universal in old age 

70 Cases of serositis not included in this summary 

71 Anton Wahre Hyperti opine des Geliirns mit Befunden von Thymusdi usen 

und Nebennieren, Wien klin Wclinsclir , 1902, xv, 132 -n 1 4 - 

72 Bartel, Julius Ueber die liypoplastische Konstitution und ihre Bedeutimg, 

Wien klin Wclinsclir, 1908, xxi, 783 , 7 

73 A time of life in ivhicli tlieie is a \eiy high death-rate among alcoholic^ 
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Nutriho?! — Pial edema occxiis independently of changes in the nuta- 
tion of the body 

Disease Conditions — 1 Pial edema does not appeal to beai anv pai- 
ticnlar lelationship to the following common conditions chionic nephii- 
tis, ehionic pulmonary tubeiculosis, chionie caidiovalvulai disease, acute 
toxemia, bacterieinia , chionie inflammatoiy lesions in the serous can- 
ties, and chronic gastritis 

2 Pial edema is definitely associated uitli chionic alcoholism occiii- 
iing in moie than two-thirds of all cases 

3 There weie too few cases of S 5 ’^philis, aueniia and insanity to peimit 
lup to form conclusions in regard to these eases 

In conclusion I ivish to emphasize, first, the progressive increase of 
pial edema after puberty, second, the absence of any relationship between 
pial edema and nutritional changes in the body at large, thud, the nega- 
tive findings as to association between pial edema and the general disease 
pi ocesses studied, except alcoholism 

PART 2 THE MEGHAHIGS AND CHEMISTRY OF THE SPIN ii FLUID A^D 
THE ANATOMY AND PBYSIOLOOl OF THE MEMBRANES 

Having determined the relationship vhich pial edema bears to most 
of the important diseases, we are non in a position to study the chaiaetei 
of the fluid present in this condition 

nor:iial distribution of cerebrospinal fluid 

The ceiebiospinal fluid is present vithin the confines of the subarach- 
noid space, the ventricles of the biam, the peiivasciilai spaces and the 
central canal of the spinal cord It is limited externally bj'^ the araelmoid 
membrane (external to which, over the coitex, lies the siibclmal space) 
and internally by the pia 

DISTRIBUTION OF THE FLUID IN PIAL EDEiMA 

In pial edema ve find that the distiibiition of the fluid is the same 
as above stated but that it is greatly inci eased in amount The pcculi- 
aiities as legaids localization aie as follows 

1 It is constantly found on the superior surface of the cerebral 
hemispheres, especially over the leitex 

2 It IS found on the siipenoi surfaces of the fiontal lobes in lela- 
tneh less amount 

3 The anterioi and poster loi cisteina* are distended 

4 It 13 found often as bleb-hke accumulations on the posterior and 
inner margins and on the superior surfaces of the cerebellar hemispheres 

j There is occasionall> a sinrilai accumulation on the anterior poles 
ot the tenrporosphenoidal lobes 
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6 Theie is occasionally an appaient inciease of fluid in the peii- 
vasculai spaces 

7 Theie is occasionally eonsideiable inoistuie of the hi am tissue 

8 There is occasionally inciease of fluid m the subarachnoid space 
of the cord 

9 Usually there is an inciease of fluid m the lateial ventricles 

10 It IS rare to see any inciease ovei the lateral regions of the eeie- 
bial coitex 

Uo inciease of fluid has evei been obseived by me in the folloivmg 
places 

A The under suiface of the fiontal lobes 

B The under surface of the tempoiosphenoidal lobes 

C The innei surface of the ceiebial hemispheres 

We thus observe a general tendency on the part of the excess fluid 
to occupy a position above that of the biam tissue proper 


THE APPARENT SIGNIFICANCE OF THIS DISTRIBUTION 


The localization of the fluid as given above is in marked contiast to 
that ot the exudate in most cases of suppurative meningitis, especially in 
the epidemic type As is well known, in most cases of meningitis the 
exudate is found chiefly at the base — a phenomenon that is especially 
noticeable in tuberculous and epidemic meningitis The experience of 
this laboratory is fully in accord with the above statement and points to 
a tendency on the pait of inflammatory changes in the meninges either 
to begin at the base and spread thence over the cortex, or to remain local- 
ized at the base 

The above localization of the fluid of pial edema is in itself suggestive 
of the action of giavitj^ — and it is the one which the fluid would take 
were theie any additional loom within the cranial cavity, for the reason 
that as the speciflc giavit}'- of the biain (1 038) is greater than that of 
the fluic) in which it lies (1 003-1 010), the brain then would naturally 
seek a dependent position, forcing the fluid to a higher level 

The presence of the fluid in the cisteinas pontis (ant subaiachnoidean 
space) has already been mentioned 

In performing an autopsy, however, some care is necessary in oidei 
to see the fluid 'in situ, for although the arachnoid at these points is 
noimally somewhat thicker, it is at the same time unsupported and thus 
is readily torn when the brain is lifted up, allowing its contents to drain 
away into the eianium 

When the anteiioi subarachnoid space is ruptured, the fluid from the 
posteiior immediate^ drams across the ciuife cerebelli and thence into 
the skull cavity 


74 For a consideiation of tins s\ib3ect 
tlie leadei to the recent aiticle bv W J 
[Meningitis, Jour Heel Research, 1909, "s-x 


dealing with meningitis I would rtier 
Elsei and F M Hunton, Studies in 
371 
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To what degree evacuation of the lateral ventricles follows this drain- 
ing thiough rupture of the cisteinEe is difficult to say, but that it is rela- 
tiiely slow there is every reason to believe 

The evacuation of the fluid over the coitex after lemoval of the biain 
also takes place gradually, apparently because the septa of the suharach- 
noidean chambeis ofler a partial obstruction to the flow of the fluid In 
some cases the arachnoid reveals an almost gelatinous mass but possibly 
this may be due to clotting of the fluid after removal 

That the fluid over the cortex is enmeshed is shown by the following 
facts 

1 The fluid over the cortex may remain %n situ some time after the 
brain is removed 

2 Puncturing the dependent areas over the cortex sometimes results 
in the evacuation of only a small area about the site of the puncture To 
illustrate this fact we may cite the following 

Case 1879 — Pia arachnoid moderately distended with clear slightly 
yellowish fluid, most marked over the convexity A small puncture 
(about 5 mm in diameter) was made over one of the sulci, the probe 
passed down through some watery and slightly gelatinous tissue to the 
cortex The fluid about this puncture drained away leaving a depressed 
area 1 cm in diameter, but the fluid beyond this area was apparent^ 
unaffected at the end of an hour 

The best way to maintain the cisterme intact, according to my expeii- 
ence, has been to insert the calvarium hook beneath the occipital protuber- 
ance and tear off the calvarium from below upward, instead of from above 
downward (the usual practice) The dura being then cut away, the 
frontal lobes can be lifted up disclosing the cisterme uniuptured 

The pathologist has usually considered that an excessive amount of 
fluid at the base and the distention of the cisteinse was an indication of 
an increased or high intracranial tension during life Although it may 
be granted that this is the explanation foi a large number of eases, 
must not forget that it is not conclusive evidence The fallac}" of conclu- 
sions based on such evidence is well illustiated by the conclusion diaun 
by the ancient Greeks on post-mortem evidence alone that the aoita con- 
tained blood mixed with air 

THICKEXIXGS OF THE ARXCilNOlV 

In a consideiable number of all pial edema cases theic is a "leatei 
or less degree of opaeit}’^ and thickening of the meninge= Sometime' 
this IS chiefly limited to the aiea over the superioi surface ot the cortex 
along the longitudinal sinus, again it is found o\ei coitex and ceie- 
bellum, and occasional!} it has an e\en nioie geneialircd distiibution 
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In every case examined by me tins opacity was found to be due to 
connective tissue thickening of the aiachnoid, involving slightly the pia- 
aiaclinoid trabecula, the pia itself showing no change 

This lesion consists of a prolifeiation of the fixed connective tissue 
elements without exudation oi vascular changes 

That a piocess of this essentially piolifeiative chaiacter aiismg at a 
distance fiom the blood-vessels'^'^ should be the cause of the laige fluid 
accumulations seems haidly possible 

CHEMISTRY OE ELUID IN RIAL EDEMA 

\ 

The final determination as to the inflammatory oi non-inflammatory 
character of the fluid lests in the last analysis with the chemical exami- 
nation It IS a well-known fact that fluid collected aftei death is worth- 
less for examination^ since post-moitem changes render chemical tests of 
doubtful value The most satisfactory method is to collect the fluids 
intra vitam and to veiify the findings thus obtained at autopsies Such 
pioceduie, naturally, is attended with many disappointments 

With the exception of one case reported by Dufoui,’^'^ I have so fai 
been unable to find in the literature any satisfactory record of analvse« 
of spmal fluid from subjects of “wet-brain ” A specific test for serum 
albumin oi globulin rather than foi protein should be of value in deter - 
mining the question of possible inflammatory influences Serum albumin 
lb not a normal constituent of cerebiospmal fluid^® and therefore its 
presence m the class of cases under discussion should indicate an exuda- 
tive 01 transiidative piocess The absence of traces of serum albumin, lu 
the light of our piesent loiowledge of the secretory origin of the ceiebio- 
spinal fluid, would therefore indicate that the spinal fluid is the product 
of normal secietion Professor Hastings has kindly supplied me with a 
series of analyses on this class of cases, and these will now be con- 
sidered 

A spmal fluid from a subject of alcoholic “wet-biam” examined bv 
him showed a protein content of 0 005 per cent, a minimum normal 
figure 

The figure for protein quoted above speaks strongly against the pres- 
ence of either transudate or exudate in the spmal fluid of these eases 
Professor Hastings analyzed several other specimens of alcoholic “wet- 
biain^^ without reference to the protein content 

75 The blood-vessels he close to the pia 

76 Myers V C The Ceiebiospmal Fluid iii Ceitain Foiius of Insanity with 
Special Hefei ence to the Content of Potassium, Joui Biol Cheni , 1909, vi, 115 

77 Dufour II Cytologie du liquide cfiphalo nchulien dins uii cas de ingnin 
gite chroniqiie alcoolique, Bull et m6m Soc mCd d hop de Pans, 1901 xmii, 
1035 

78 Hallibuiton in Kiike s Plnsiologi, Ed 1908, p 178 _ 

79 Spinal Fluid Analyse^ in Alcoholic Wet Brain Ca^es, loaned by Proies-or 

Hastings oi Cornell Unneisiti 
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The amounts in these cases ranged fiom 35 to 88 c c , all specimens 
weie cleai, steiile and free fiom coagulum oi sediment The cytological 
count was as given in Table 1 “ * 



TABLE 

1 -CELL-COUNT— 

-100 FIELDS 

Case 

Polj'S 

Small Monos 

Endothelial Cells 

1 

0 

2 

0 

2 

0 

7 

1 

3 

0 

6 

0 

4 

0 

1 

2 

5 

0 

1 

0 

6 

0 

n 

O 

0 

7 

0 

1 

0 

S 

0 

0 

0 

* Fust tube 

contaminated with blood 



N B Cs 
12 
IS 
27 

1,156 ♦ 

0 

0 

1 

0 


The conclusions fiom these analyses ueie that the fluid of alcoholic 
“wet-brain” did not differ from noimal ceiebiospma] fluid 


CIROULATOKY CHANGES IN THE MEMBRANES WITH PIIL EDEMA 


It IS well known that it is difficult to deteimine fiom post-moitem 
findings the ciiculatory conditions which weie piesent duiing life m eases 
of pial edema, since alterations in the vasculai system of the biain oceui 
frequently just prior to and at the time of death 

My findings in legard to the condition of the meningeal cii dilation in 
pial edema (fiom post-mortem study of 100 cases) are as follows 


No of 
Cases 


1 Active congestion of niembianes, biain noimal 

2 Passive congestion of membranes, brain normal 

3 Active and passive congestion of membranes, occniiing togetbei, 
normal 

4 Active congestion of membranes with anemia of brain 

5 Passive congestion of membranes, with anemia of biain 
G Active congestion of membranes and brain 

7 Passive congestion of membranes and biain 
S Active and passive congestion of membranes and biain 
9 Membianes and biain normal 

10 Pia aiachiioid noimal, biain anemic 

11 Pia arachnoid normal, brain congested 

12 Anemia of biain and membranes 


12 

21 

bi nil 

12 

1 

1 

3 
7 

10 

20 

4 
1 
0 


The commonest condition found was thus passu e congestion oi the 
membianes (piesent in 31 pei cent ) The ne\t most common was an 
appaientl}^ noimal condition ot the vessels ot the biain and meninges 
(20 per cent ) Active congestion of the membianes and a condition ot 
active and passive congestion of the membianes, occuiied in 13 pei cent 
Anemia of the membranes and brain was present in 6 pei cent Alto- 
getliei passne congestion of the membianes (eitliei alone oi combined) 
occiiired in fift3'^-one cases (51 pei cent ), wbeicas actue congestion waa 



CHIHLES K STILLMAN 


213 


piesent in only foity cases (40 per cent ) The piepondeiance of passive 
congestions in tins senes agiees with the statement of Kaufmann^® that 
most of the ceiebial congestions obseived at autopsy are of the passive 
type 

The fiequent occuiience of passive congestion can haidly be taken 
as an indication that passive congestion has any special influence in the 
production of pial edema because theie is nothing to show that it is moie 
common with pial edema than with the general run of autopsy cases 
Fuithei 11101 e, the wide vaiiety of othei lasculai conditions cited in this 
series shovs that pial edema beais no constant lelation to any particulai 
cii dilatory condition as seen at autopsy 


PART 3 THE PHYSICS AND MECHANICS OF PIAL EDEMA 


obseivations thus fai have been with a view to determine undei 
what conditions pial edema is found Let us now considei from a moie 
theoietical standpoint the mechanics involved in the causation of accu- 
mulations of fluid in the pia-aiachnoid Two hypotheses present them- 
selves 

1 The accumulation of fluid is the lesiilt of an inciease of secietoiy 
activity of the ehoiioid plexus, oi a lack of lesorption, leading to a eom- 
piession of the biain substance, oi 

3 The fluid has simply collected as a lesult of some undeteimined 
piocess leading to a i eduction in size of the biam 

The fiist hypothesis to be discussed is vhethei the fluid can actually 
compiess the biain so as to give use to the appearances met with in pial 
edema 

Befoie doing so, howevei, ue must leview certain well-establislied 
mechanical principles, a coiiect understanding of which is essential to a 
comprehension of some of the more complex pioblems in connection with 
pial 01 cerebral edema and serous meningitis 

It will not be necessary to sketch the outlines of the study of intia- 
cianial mechanics since the time of the second Monro Let me pie=ent 
only the points that aie involved and endeavor briefly to show then bear- 
ing on oui subject 

Of fundamental impoitance is>the old question “Is the cianiospmal 
canal independent of the influence of atmospheric pressure^” 

Certain eaily writers, as Monro, Jvellie,®" Abercrombie and Eeid, 
and nearly all inodein writers, among whom may be included jSTauu}!! 


80 Kaufmanii, Eduaid Lehibuch dei spe/iellen pathologischen Anatonne, 

Berlin, 1004, p 983 „ nr 

81 Monro, Ale\.andei Obseirations on the Stiuctuie and Fun 

>Teivous System, Edinbuigli 1783 rr Tr a rh,r 

82 Kellie Geoige Belloctions on the Pathology of the Brain Tr Meii Linr 

Soc Edinbuigh, 1824, i, 84 
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and Schriebei,®^ Palkenlieim and ]S^aiin3^n,®= Hoisley and Speneei/® 
Hoisley/'' Spencer/^ Eoy and Sherrington/® Hill/® Hoehei/^ Ciidimg®® 
and many others, have decided that it is 

The earlier negative conclusions of Biinoivs®® and Dondeis®^ iveie 
seriously considered for over half a century after then promulgation 

Leonard HilTs argument in favor of the absence of atmospheric pies- 
suie within the slaill cavity was as follows 

If the spinal cord of a dog be divided oi the splanchnic ueives be cut and the 
animal be placed in the -vertical feet down position the blood pressuie in the biain 
will undei the influence of giavity, fall to /eio If the skull be now tieplnned, 
and the duia be rapidly opened, the brain, which uas hefoie in close apposition 
with the duia, may now be seen collapsing undei one's leiy eyes, as it is emptied 
of blood by atmospheiic piessme*” 

Additional evidence in confiimation of Leonard HilFs view that 
atmospheric pressure was absent in the skull canty was obtained by the 
following experiments 

Expehiment 1 — A tiocar was introduced into the spinal canal of a pione 
intact cadaver and a small amount of fluid ran out owing to persistence of the 
pressure existing during life No mcie escaping, suction was applied by means 
of a syringe and a little more fluid was obtained (altogether about See) llie 
tiocar was then lemoved and the calvanum opened Ihe cistern® contained the 
usual amount of fluid and likewise the spinal canal 


84 Naunyn, B, and Sehiieber, J Uebei Gelurndruck, Aich f evpei Path 
u Pharmakol , 1881, xiv, 1 

85 Falkenheim, H and Naunju, B Uebei Hundiuck, Aicb f expei Path 
u Phaimakol, 1887, xxii, 2G1 

86 Ilorsley, V, and Speneei, W Phil Ti , 1S91 

87 Horsley, Sir Victor The Mode of Death in Ceiehial Compiession and Its 
Prevention, Quart Med Joui London, 1894, ii, 305, Ihe Stiuctuie and Functions 
of the Brain and Spinal Coid, P Blakistoiis Son iL Co, Phila , 1892 

SS Spencei, W The Central Neivous Mechanism of the Eespiiation, Airis 
and Gale Lectures, Lancet, London, 1895, xxxi, 532 

89 Koj , C S , and Sherrington, C S On the Regulation of tlie Blood Supply 
of the Brain, Jour Physiol , 1890, xi. So 

90 Hill, Leonard The Physiology and Pathologj of the Ceiebial Circulation, 
London, 1896, Churchill 

91 Koeher, T Hirnerschutteiung, etc Specielle Pathologic und Therapie m 
Nothnagel, Wien, 1901, Ed 2, Pait, 3, i\ 

92 Cushing, H Some Experimental Clinical Ob^eiiations Concerning States 
of Inci eased Intracranial Tension (Mutter Lectuie) Am Jour Med Sc, 1902, 
cxxi-v, 375, The Blood Pressure Reaction of Acute Ceiebial Compression, etc. 
Am Jour Med Sc, 1903, cxxv, 1017, A Discussion of Some Remote Effects of 
Cl inial Injuries, etc. New Yoik IMed Joui , 1907, Ixxxs, 97, 61, 208 

93 Burrows, Geoige Disordeis of the Cerebial Circulation and on the Con 
nection Between Affections of tlie Biaiii and Diseases of the Heart, Philadelphia, 
1S4S, Lea and Blanch ird 

94 Bonders, P C Xedeil Lancet, 1850 

95 Eevnolds ind Bastiiu Congestion ot the Bi un in Ileinolds’ Si'tem of 
Medicine, 1S79 

9ti Hill, Leonard ihe Ph\siolog\ and Pathologv of Ceitbi il Circiil itioa, p 30 
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Experimfnt 2 — Calvaiium lemoved fiist Cisteinse intact and seen to be 
full of cleai fluid Spinal puncture, 12 c c fluid came through cannula as if 
undei slight pressuie Cisternce re examined and found full as before Brain cov- 
eied with wet cloths, in ten minutes fluid at the base had all disappeaied into the 
coid 


The hist experiment shows that outside aii-piessiire does not influ- 
ence the contents of the cianiospmal canal, since it was impossible to 
evacuate the fluid (except that in excess, and a slight amount m addition, 
due, possibly, to the stietching inward of the spunal membianes) thiougli 
the single opening 

When, howevei, as in Expeiiment 2, a second opening was made and 
outside an -pressuie admitted, theie was no obstacle to the ready evacu- 
ation of the fluid in the diiection of gravity 

The principle involved in these experiments is very easy to demon- 
stiate with suitable apparatus It will be observed that the fluid m the 
craniospinal canal in the first case has behaied as might be expected were 
atmospheric pressure absent 

There are certain anatomical features that require consideration in 
this connection 

Figure 2 represents the craniospinal canal, to all intents and purposes 
a closed cavity, the heavy black line its bony confines, the thinnei line 
within represents the arachnoid which determines the outer limit of 
spina] fluid While this membrane is not actually adherent to the over- 
lying dura and bony walls, it lies in close apposition within the skull and 
IS therefore incapable of any distention outward In the spinal canal, 
howevei, it (together with the dura) lies like a sac at some distance from 
the bonv walls, being separated from these walls by loose and compres- 
sible areolar tissue containing a plexus of veins 

Anv increase of fluid within such a cavity must find room through 
distention of the sac outward 

97 Schafer, E A In Quam’s Anatomy, Spinal Coid and Brain, Part 1, p 3, 
Longmans, Green and Co , London, 1893 

98 The suggestion that the theca vertebialis plays a part during life in the 
accommodation of excessi\e amounts of spinal fluid and the production of high 
intiacianial pressure will doubtless aiouse opposition among those iiho have 
demonstrated vascular relationship to pressuie phenomena I do not, however, 
disagree with Di Feriier’s statement that undei normal conditions the ebb and 
flow between the ciamal and spinal cavities is so small as to be practically a neg 
ligible quantity, but I desiie to point out that no evperimental work so far done 
IS of much value in helping us to leach conclusions in the present work largeh 
because of the fact that none of these experiments has been arranged so as to 
shoM what mechanical changes take place when resorption of spinal fluid is pre 
vented and when the high pressure is caused by an excessive amount of the flui 
itself My suggestion that oistention of the theca is a factor is based on a studi 
of the behavior of fluids wuthiii the craniospinal canals of cadavers The dis- 
tensibihty of the sac under these cii cumstances has long ago been demonstrated 
but Dean (Jour Path and Bacteiiol, 1893, i, 28) and others have been inclined 
to doubt w bethel such a piocess could take place iii living subjects 

It IS of course unlikely that such a process would tike pi ice uule« there 

were some hindrance to resoiption 
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It Will be readily seen that while fluid can, at the outset, be forced 
into this sac without gieatly raising intiacianial piessure, aftei an 
amount has been forced in sufficient to eiowd the tissue of the suiiound- 
ing space and stretch the membianes considerably, theie will be an evei- 
inci easing resistance for each cubic centimeter forced in, until finally a 
point IS leached at which no more fluid can be introduced, owing to the 
surrounding tissues having leaehed their limit of compressibilitj It is 
the elastic recoil of these membianes which are put on the stietch and 
the adjacent tissues which are compressed that, to a certain extent, gives 
the measure of intracranial tension, and thus when a cannula is intio- 
duced into this distended sac the tension of the tissues and membianes 
causes the expulsion of excess of all fluid, until the piessure is relieved 
JTot all of the fluid, however, drains away, for a certain amount is 
necessary to All various areas m and about the brain substance and the 
spinal cord In the skull cavity the amount of this fluid scaicely vanes 



Fig 2 — Diagiam of craniospinal canal, heavy black line, bony confines, 
thinner line ivithin, the aiaelmoid which determines the outer limit o spina 
fluid 

since it cannot inciease against the bony walls, nor can it dimmish m 
amount anywheie without producing a vacuum at that point 

In the canal, on the other hand, the sac will letain only sufficient 
fluid to maintain equilibiium, that is to say, although a slight 
excess positive piessuie is noimally maintamed, enough fluid will lun 
out of a cannula to reduce this slight positive pressure to zero Zeio does 
not mean absence ot fluid, but meiely that the pressure within the spinal 
canal has dropped to the normal air-piessure 

Havmg considered the relation of atmospheric pressure to the slaill 
cavity, and obtained some idea as to the relationship which exists between 
the membianes and the phenomena of inti acranial tension, we mar now 
go a step tuithei and attempt to deteimme the efiect of the factois just 
discussed on the brain itself Tire difficulties involved in a study ot this 
phase of our problem aie all the gi eatei when we realize that we know 
cer} little about two essential factors, i e, first, the density or coinj/re?- 
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sibility of brain tissue and second, the permeability of the biain to fluids 
under pressure 

Our task now is to deteiniine whethei, according to the laws of phys- 
ics and hydraulics, it would be possible for the brain (its blood-vessels 
excepted) to suffer compression through general increase of intracranial 
pressure 

The subject of compressibility must first be considered Compression, 
broadly speaking, is brought about through expression of content It is 
true that molecules are very slightly compressible, but, as indicated 
below, reduction in size from molecular compression would be so insig- 
uificant as to deserve but little attention 

For example, take a dry sponge, it is readily compressed in the hand 
through expulsion of the an molecules from its chambers On being 
allowed to soak up water it gams in size and weight but still remains 
compressible through the ready loss of the water under pressure If the 
same saturated sponge be now placed in an air-tight rubber bag which 
fits snugly at all points, compression is no longer possible, since there is 
now no longer any means of escape for its fluid contents 

The same principle applies to all homogeneous semifluid bodies , com- 
pression takes place by expression of an or fluid content where possible 
but when air oi fluid cannot be expressed the body is termed incom- 
pressible 

Since, then, compression sufficient to be visible can only take place 
through expression of content, it is only fair to inquire whether such 
compression could occur within the skull cavity An attempt to force 
fluid into a receptacle ahead}’’ filled with a solid or fluid would not result 
in an increase in the amount within the receptacle, but its molecules 
would simply transmit the added piessuie to the walls and there is no 
reason to assume that the brain is to be looked on as an exception to this 
physical principle Compression cannot take place without correspond- 
ing allowance being made for the displaced substance in the enclosing 
medium Lacking this allow’ance an} reduction of size is impossible 

A converse piocess, i e, biain swelling, requires a eoi responding 
displacement of content that is under ordinary circumstances allowed foi 
by the evacuation of spinal fluid — a process that takes place when tension 
IS somewhat raised 

While there is, according to the above explanation, no ground foi the 
belief that general high intracranial piessuie could bung about visible 
changes in the size oi contoui of the brain it is baiely possible that pies- 
suie may be a factoi in inducing inoleculai compression, foi although 
such inoleculai compiession as might lesult from those degrees of intia- 

99 Witei, wlueh is relitnel> ineoiiipiessible has luci eased in Meij-lit ouh 
about 0 03 pound to the cubic foot it i depth of 150 feet Ireatise on Hidiaulic-, 
Meriiman, 1*106 p 11 
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cianial piessuie that have been registeied clinically aie veiy slight when 
judged from the standpoint of the physicist, still so sensitive a tissue as 
the nerve cell is known to be, might appreciate the vei}'’ small inci eases 
of moleculai densities brought about in this mannei 

We aie not, however, justified in speculating on 'the chances of 
moleculai compression within the biain until moie is known about the 
com]3iessibility of gray matter, if, for instance, this is slight, piessuie 
would be transmitted through the brain to the surrounding bony con- 
fines, the Intel venmg cells of the gray matter bemg but little affected 
On the othei hand, weie the compiessibihty greater, piessuie would not 
be so leadily transmitted and a slight amount of molecular compiession 
would doubtless result 

The influence of piessuie fiom geneial causes has already been 
pointed out, we may now briefly contrast with these the effects of pres- 
sure due to local conditions, namely, those caused by hemorrhage or due 
to tumoi groivth 

The multiplication of tumor cells e^^eits, as in other oigans, its first 
effect locally — ^namely, in compiession and pi essui e-atrophy of the adja- 
cent tissues and in compression of the adjacent vascular structures in the 
brain Tuither compensation for any increase in giowth or hemoirhage 
develops at the expense of the spinal fluid, which is resorbed, while when 
intracranial tension exceeds that in the venous structures the lattei 
become somewhat compressed 

Striking post-moitem evidence of compiession through any intia- 
eranial groivth is seen in the maiked flattening of one or both hemi- 
spheres, the dry pia and the maiked diminution in amount of blood found 
in the pial vessels 

I'm these leasons I believe that compression of the brain by the fluid 
in cases showing pial edema is an impossibility, and that the appeal ances 
observed in eases of pial edema aie not attiibutable to the pressure of the 
fluid These appearances are thus the result of some other agency, in all 
piobabilit}'’ they represent a redistribution or leplacement process 

PART — PHYSICS AND HECHAyjCS OF PIAL EDEMA 

Foi the purpose of deteimining whether or not I had to deal with a 
leplacement piocess, I began the rather elaborate system of post-mortem 
observations which are now to be described 

The eases on which these observations were made weie taken from 
the geneial autopsy service of Bellevue Hospital The technic was as 
tollows 

100 The subject or the effects of pressure on the laseular structures withm 
the skull has received so much attention of late that elaboration in this paper 
would seem superfluous The following contributions are especially important 
Ferrier, David The Harveian Oration on the Heart and Hervous System, Lancet, 
London, 1902, ii, 1099, Cushing, H ibid 
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TECHNIC 

H hen possible the cahaiiuni was leinovetl befoie the thoiaw was opened in 
01 del to pi event a i edisti ibutioii of the blood 3Iany times, however, it was 
impiactieable to halt the geneial autopsy w’Oik foi this rather considerable intei- 
val and the result was that when the thorax was opened and the laige veins weie 
cut, as soon as the calvaiiiim was opened and the lelative negative piessiiie 
within the skull ca\ity removed, a eonsideiable amount of blood would diaiii 
into the tlioiax fiom the vessels oi the head 

The chief effect of this loss of blood was a reduction in the volume of the 
biain, causing a discrepancy between the- volume of the cranial cavity as after- 
ward registered and the total measured cranial content The influence of this 
factor on the weight, specific gravity and volume of the biain, however, need not 
be considered, as when the blood w'as not evacuated into the thorax, it would 
be lost as the biain was being lemored, and thus would not enter into subsequent 
computations 

As soon as the calvaiiiiiii was removed, a pan rvas placed beneath to catch 
the drippings, and the tentoiium carefully cut away and laid aside The hemi- 
spheres were gently pushed apait along the great longitudinal fuiiow, and a 
small incision made thioiigh the coipus callosum into each lateral ventricle, 
the contents of wdiich w'eie withdrawn by a pipette and measured 

The brain was then removed and allowed to diip into a pan until the watery 
fluid over the coitex and elsewhere, had quite disappeared It was then weighed 
111 the air and its weight recorded Following tins it was weighed in water at 
15 C with the same balance and its specific gravity computed 

It IS important to note here that eonsideiable variation in specific giavity w'as 
unavoidable owing to the fact that in many of the brains it was impossible to 
get rid of all the spinal fluid which was letained in pockets and coiners of the 
sulci This inei eased the weight in air, but not in water, and as a very few 
giams weight will make quite a wide variation in specific gravity, it will be 
seen that I was heie often confronted with an important source of error 

The brain proper having been disposed of, the drippings, the fiee fluid in 
the calvarium, and the ventiiculai fluid, weie carefully collected and measured 
The portions of dura cut away weie measuied in watei giving the number of 
cubic centimeters displaced, and, finally, the capacity of the skull cavity was 
measuied by means of dried peas 

By the addition of the total fluid content of the calvarium with the dura and 
the brain volume (in cc ), a faiily accurate estimate of the total cranial eon 
tent IS ai lived at Comparing this figure with that representing the cranial 
vmlume a very slight error is observed in those cases in which the cerebial blood 
was allowed to escape into the thoiax previous to the examination of the head 
In the latter cases the discrepancy represents this loss and can be readily identi- 
fied by a study of the chart 

Having ascei tamed the above data, it was thoiiglit to be best foi 
pin pose of study to aiiange the cases in groups coi responding to tlie 
amount of pial edema piesent 

On examining Table 2 , in lefeience to the specific giavities, the recog- 
nized tendency foi biains to become lighter at the exti ernes of age i& 
obseived 

Theie is, howevei, a most impoitant point which these tables have 
cleaily brought out , i e , that there is a gi actually inci easing disci epanev 
between the capacity of the bram cavity and the volume of the biarn, 
which is diiectly piopoitional to the degiee of pial edema present 

In CTronp 1, cases without pial edema we see that the average disciop- 
ancy is only about 29 c c , this figuie being presumably the equivncnt 
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of the ceiebiospmal fluid piesent lu these cases the biain ma^ be 
assumed to fill the skull cavity withm physiological limits 

In Group 2, where the edema is slight, there is an average total 
discrepancy of 53 c c , an increase of 31 c c over the preceding class. 

As the edema increases, theie is a corresponding increase in the dis- 
crepancy In the remaining groups it is, with moderate edema, 96 c e , 
with marked edema, 183 c c , and lastly, in the two eases of excessive 
edema in the senes the discrepancy culminates with 308 c c as a maxi- 
mum, this in spite of the fact that one of the eases examined had a very 
small skull This discrepancy can, of course, be interpreted in only one 
way, 1 e, that the brain has become so reduced in size as not to fill com- 
pletely the cranial vault 

Were compression the cause of this reduction in size theie should be 
a coi responding increase in the specific gravity of these biams, piopoi- 
tional to the degiee of edema This, we see, is not piesent, indeed, if 
it IS permissible to say anything at all in this connection, it is that the 
specific gravity has fallen slightly with the* higher grades of edema To 
say merely that the condition is a hydrops ex 'vacua does not, by any 
means, dispose of the whole subject, let us therefore resume the consid- 
er ation of the data before us 

Leaving out of account the two eases cited, in very young children, 
we observe that the more vigorous periods of life coincide with the milder 
degrees of discrepancy between biain and skull cavity, while the more 
maiked differences are exhibited in the more advanced periods of life 
It has been universally recognized that shrinkage of the biain is an 
accompaniment of extreme old age, but the extent to which this phenom- 
enon leaches back into the years of vigorous manhood has not been genei- 
ally considered 

Table 3 shows the brain weight at different ages, foi childien 
only, by Pairot,’^'’^ Pfistei,^®* and Marchand through childhood up 
to the tuent^ -fifth yeai hy Yieroidt,^'’^ at all ages Boyd,^o= yieyneiP®® 
and Handmann and from the twentieth to the ninety-fifth year, Bis- 
choff 


101 Parrot Bull Soc d’Aiithropol de Pans, 1887, le Mars 

102 Plister, H Ueber das Gewicbt des Gehirns und einzelner Hiintheile bean 
Saugling und alteren Kinde Neurol Centralbl , 1903, xxu, 5C2 

103 Marchand Ueber das Hirngewicht des Menscben, Abhaudl d math - 
phys Classe d kgl Sacbsiscben Gesellsch d Wissensch , 1892, wvii, 437 

104 Vierordt, H Anat Physiol u Physikal Daten und Tabellen, 1906, Jena 

105 Boyd Phil Tr Boy Soe London, 1801, cli, 242 

106 lleynert, Th Das Gesamnatgewiclit und die Thellge^Mchte des Gehirnea 
in ihren Beziehungen zum Geschlechte, dem Lebensalter und dem irrsin, untersucht 
nach einer neuen W igungsmethode an den Gehirnen der in der \S lener^ Ii ren 
anstalt im Jahre 1860 Verstorbenen, Vrtljschr f Psjchiat, 1867, ii, 125 

107 Handmann, Ernst Ueber das Hirngewicht des Mensclien, etc. Arch i 
Anat u Entw cklngsgesch , 1906, p 1 

108 Von Bischoff, T L W. Das Hirngewicht des Menschen (von P Xeti==er) 
Bonn, ISSO 
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Table 3 — Gkoep 1 — Beaijt Weights of Children and Youj^g Adults “■ 
Vibkoedx Parrot Pfistbr Marchand 


Weight (gm ) 
Age Males Females 


Weight (gm ) 

Age Males Females Age 


Weight (gm ) 
Males Females 


Weight (gm ) 
Age Males Females 


Newborn 

381 

384 




1 month 

463 

402 


364 

331 

2-3 mos 

548 

527 


490 

412 

4-6 mos 

632 

575 


575 

552 

7-9 mos 

733 

771 

7-11 mos 

778 

719 

10-11 mos 


693 




1 year 

944 

872 




2 years 

1,025 

960 

1-2 years 

964 

913 

3 years 

1,112 

1,040 




4 years 

1,327 

1,138 

2-4 years 

1,167 

1,063 

5 yeais 

1,282 

1,220 




6 years 

1,353 

1,258 

4 6 years 

1,261 

1,137 

7 years 

1,348 

1,295 




8 years 

1,366 

1,150 




9 yeais 

1,425 

1,242 




10 years 

1,417 

1,267 




11 years 

1,379 

1,238 




12 years 

1,415 

1,245 




13 years 

1,475 

1,255 




14 years 

1,289 

1,345 




15 years 

1,471 

1,235 




16 years 

1,435 

1,272 




17 years 

1,409 

1,236 




18 years 

1,441 

1,324 




19 years 

1,384 

1,234 




20 years 

1,444 

1,228 




21 years 

1,425 

1,319 




22 years 

1,348 

1,280 




23 years 

1,402 

1,277 




24 years 

1,419 

1,248 




25 years 

1,428 

1,230 






340* 

330* 


371 

361 

2-4 wks 

431 

396 


411 

375 

2 mos 

461 

415 


474 

450 

3 mos 

519 

504 


612 

587 

4-5 mos 

583 

562 




6 8 mos 

733 

666 

7-11 mos 

796 

802 

9-10 mos 

786 

684 




11-12 mos 

851 

727 


967 

893 


958 

901 

1-2 years 

1,011 

896 


1,099 

1,044 

2 3 years 

1,080 

1,099 


1,183 

1,091 

3-4 years 

1,310 

1,024 




4-5 jears 

1,273 

1,183 




j 6 years 

1,343 

1.245 

5 8 years 

1,219 



(at 5 yrs ) 




6 9 years 

1,360 

1,242 

9-12 yrs 

1,285 

1,265 





1,289 


10-14 yrs 

1,346 

1,221 




15 19 yrs 

1,404 

1,309 


* Parrot’s, Pfistei’s and 


Maichand’s ages same as in Vieiordt’s column unless otheiwlse indicated 


Ha^dmann 


Group 2 — Brain Weights at All Ages’^ 
Meynert Boyd 


BiscHOFr 


Weight (gm ) 
Age Males Females 

239t 24711 

7 days 404J 377|| 

8-30 days 357 357 


Weight (gm ) 
Age Males Females 


Weight (gm ) 
Age Males Females 

Newborn 393 347 

1 3 mos 493 495 


Weight (gm ) 
Age Males Females 


2 3 mos 

485 

486 




4 6 mos 

650 

490 




7-12 mos 

830 

817 




2 years 

1,075 

998 




3 years 

1,208 

1,088 




4 years 

1,185 

1,173 

1-19 yrs 

1,114 


5 years 

1,245 

1,225 




6 years 

1,215 





7 9 years 

1,345 

1,283 




10-14 yrs 

1,400 

1,215 




15-17 yrs 

1,429 

1,281 




18-19 yrs 

1,328 

1,226 




20-29 yrs 

1,392 

1,252 


1,306 

1,169 

30-39 yrs 

1,367 

1,246 


1,326 

1,167 

40-49 yrs 

1,358 

1,247 


1,317 

1,173 

50 59 yrs 

1,357 

1,227 


1,240 

1,174 

60 69 yrs 

1,326 

1,208 


1,289 

1,161 

70-79 yrs 

1,282 

1,175 


1,206 

1,098 

SO 84 yrs 

1,250 

1,126 

80-89 yrs 


1,148 


• Meynert’s age grouping follows Handmann’s 



603 

560 


7-11 mos 

777 

709 


1-2 j ears 

941 

845 


2-4 years 

1,097 

997 


1-6 years 

1,140 

1,137 


6-14 yrs 

1,304 

1,156 


15-19 yis 

1,376 

1,246 





1 190 

20-30 jrs 

1,358 

1,239 

1 365 

50 40 yrs 

1,360 

1 2'’2 

1 360 

40-50 vrs 

1,348 

1,214 


At 50 yrs 

1 352 

1,208 


oO 00 J IS 

1,345 

1,225 

1 3 < .-* 

00-70 1 rs 

1,315 

1 210 

1 323 

71-80 1 rs 

1 290 

1 170 

1,279 

Over SO 

1,284 

1,127 

SO 85 irs 1 023 

and Bischoll s , rs 

similar 

to Boyd's except 


otherwise indicated ^ u ^ 

T Bojs under 49 cm length of body *■ Girls under "0 cm length of botiv 

BOJS 01 er 50 cm length of bodj I! Girls fiom 50 to 55 cm length of Douj 


1 234 
1,233 
1,240 


1,200 
1 176 
1 121 
942 

uh'^n 
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The highest figmes leached in Vieioidt’s column, Table 3 (1,475 gm ) 
oceui at the age of 13 years in males Among the females the highest 
weight recoided is (1,345 gm ) at the age of 14 This table, howevei, 
can scarcely be considered complete enough for oui purposes 

Boyd’s figures give the period of maximum weight as between 15 and 
19 years, with a subsequent loss up to the age of 80 of about 90 gm 

Bischoff represents an irregular decline from 20 to 30 onward in 
males His highest figure quoted in females, however, is between 40 
and 50 

Handmann finds that the greatest brain weight occuis in males 
between the seventh and fifteenth years and that after the twenh -ninth 
5 eai theie is a gradual and steady decline In females, cuiiously enough, 
his highest recoided brain weight (1,283 gm ) occurs in rather >oung 
children, seventh to ninth years There is a slightly lower figure given 
for the period between the fifteenth and seventeenth years There is 
however, no rapid decline evident until middle age 

Peacock gives the maximum weight as between 25 and 30, Broca^°® at 
between 30 and 35, while Meynert’s figures indicate that loss of weight 
begins even later in life 

Blakeman^^® concluded that the human piime in brain weight seems 
to fall before the twentieth year and that after this period there is on 
the whole a continuous fall Taken altogether these data afford cleai 
evidence that recessive changes within the brain begin often quite eaily 
in life, although it is evident from the study of even such limited data as 
I present that in some cases the brain maintains its maximum volume 
until its possessor is well advanced in years 

Prom these data there may be noted a strong tendency on the part ot 
the age curve of pial edema as plotted out horn my senes of 375 cases to 
coincide with a cuive plotted out in accordance with a scale of loss of 
brain weight for equivalent ages, tliat is to say, as the curve foi pial 
edema uses, the average of brain iveights will be found to fall coiie- 
spondmgly from point to point on the chart 

Apart from the sudden rise in the pial edema cuiie between 30 and 
40 years, due to the inclusion of the large number of alcohohcs d}ing 
within this period, the evidence is strong that pial edema coincides with 
the reduction of biain weight that is common after puberty, and, such 
being the ease, I infer that it is secondary to a reduction in swe of the 
biain and that it theiefoie lepiesents a replacement piocess due to the 
biain shrmkage 

109 Quoted from Quiin’s Anatomj, lu, Parc 1, p 17S 

110 Blakeman, J A Studi of the Biometric Constants of English Brain 
Weights and Then Relationships to External Ph\sical Me isiirements, Biomttrika, 
190J, n, 124 
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Such a shimkage is of course to be looked on as entiiely physiological 
The discrepancy between the skull and the biain is doubtless to a ceitain 
extent modified by the sensible shrinkage of the head diameteis deseiibed 
by Blakeman^^^ as occuiiing in geneial hospital eases^, but this is leally 
slight, being veiy loiighl)' only about 5 inni between the twentieth yeai 
and old age 

Pathological shrinkage of the biain, that due to contraction caused 
by disease, has long been recognized Clapham"^ in 1873, Ciichton- 
Biowne,^^® 1879, and Mercier^^^ in 1891 published obseivations on the 
subject of lessened biain weights in the insane drawn from large senes 
of cases Boyd^s figuies, with which Ciichton-Browne agrees, are so 
tabulated as to be readily intelligible , they are given in Table 4 

Donaldson in considering this table^^® legaids the last three on the 
list as those in which wasting of the biain takes place 


Table 4 — Brain Weight in the Insane as Given by Boyd' 

Hales Females 

No of Encephalic No of Encephalic 


Diagnosis 

Cases 

Wt , gm 

Diagnosis 

Cases 

Wt , gm 

Mama 

108 

1,393 

Mama 

107 

1,227 

Recuiient mania 

30 

1,383 

Recuiient mania 

33 

1,238 

Melancholia 

52 

1,335 

Melancholia 

68 

1,261 

Epilepsy 

89 

1,310 

Epilepsy 

60 

1,216 

Dementia 

49 

1,307 

Dementia 

61 

1,188 

General paialysis 

122 

1,304 

Geneial paialysis 

30 

1,162 

Senile dementia 

29 

1,259 

Senile dementia 

12 

1226 


* Crlchton-Biowne, Biain, 1879, i, 511 , quoted fiom H H Donaldson’s Giowth of 
the Brain 


Kaufmann^^® desciibes general ceiebial atiophy in connection with 
old age, piolonged illness, chionic lead poisoning, alcoholism and 
dementia paralytica Oui lesearches in connection with pial edema con- 
firm the statements in legaid to old age and alcoholism and indiiectly 
disagiee with that m regaid to piolonged illness,^^'^ but do not cover the 
otliei conditions mentioned 

Altogethei I may suramaiize by sa;>ing that pial edema follows atro- 
phy of the biain, fiist, in the gieat majoiity of instances as a result of 


HI Blakeman, J Bioinetrika, 1905, iv, 138 He found no shimkage m the 
head diameters of ciiniinals, but states that the subject has not been fully 
worked out for the geneial population 

112 Clapham, C The Weight of the Brain in the Insane, West Riding AsH 
iled Rep , iii, vi 

113 Cnchton-BiOMiie, J The Weight of the Biain and Its Component Parts 

m the Insane, Biain, 1879, i, 504, ii, 42 t, + 

114 Meiciei C A The Weight ol the Biain in the Insane with Reterence to 
Hemispheies, Lobes, Brain Stem and Ceiebellum, Jour Ment Sc, 1891, wvmi. 


207 

115 Donaldson, H 
lie Kaufniann, E 

^ figuies already gnen under Nutrition” m Part 1 ha%e shoun 

absence of relationship bet^^een pial edema and msting oi tie rcS oi 


H Growth of the Brain, 1895, pp 137-140 
Spezielle Pathologische Anatomie, Ed 5, Berlin 


1909, 


an 
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physiological changes beginning at oi soon after puberty, second, in a 
smaller gionp as the result of certam pathological conditions, notable 
among which are chionic alcoholism^® and certain forms of insanity 
My eailiei review and demonstration of the principles underlying 
inti acranial pressure is justified, first, by the necessity of ruling out a 
hypothetical cause (namely, local compression) for the appearances 
noted in eases of well-marked subarachnoidal edema, secondly, by the 
evident need of restating these principles to those observers on serous 
meningitis who have apparently overlooked them, and, lastly, by the 
necessity of reviewing the fundamentals before entering into such dis- 
cussion of the more complex and minute phases of the question as is 
inevitable in a consideration of the relations that exist between the 
present work and the conceptions of the Tiaube school, the observations 
of Kolisko and the experimental work of Jfott and of Cannon 

In connection with Mott’s ivork. Ins findings of increased fluid in the 
skulls of general paialytics^^® are in accord with the well-recognized tend- 
ency of these cases to brain shrinkage and consequent hj^diops e% vacuo, 
as already pointed out It must not be forgotten that brain shrinkage 
usually implies a widening of the perivascular spaces similai to that seen 
in senile brains and graphically described by Gowers Such a condi- 
tion IS frequently encountered at autopsy, and it is not strange that the 
excessive moisture found on section of the biam should often be eiione- 
ousl} ascribed to a dilatation of those spaces by serum transuded from 
the blood-vessels As a matter of fact it seems to be questionable whethei 
dilatation of these 'flymphatic” spaces is a possibility Mott adheres to 
the view, based on microscopical observations, ^^that the whole biam is 
permeated by a canalicular lymph-system containing cerebrospinal fluid, 
the laige piocesses of the neurons lying m lymph-spaces which are contin- 
uous with the penvasculai lymphatics”^®’- 

If these observations are true, then dilatation of the perivascular 
canals by transudate from contained blood-vessels is impossible, since 
piessuie exerted within them would be readily transmitted by the seium 
to the surioundmg tissue and would therefore be everywhere equal and 
thus prevent such a phenomenon 

As a matter of fact theie is some evidence to show that the permeii- 
ronal lymph-spaces are not so leadily permeable as is generally believed 
I have met striking lack of success in attempting to perfuse methylene- 
blue normal saline solution into fresh brams under vaiymg degrees of 

118 The shrinkage in the binns of chionic alcoholics may be evplained by the 
notewoitln changes in the ganglion cells of such cases as taught and demon 
stiated bj Dr Ira Van Gieson many a ears ago 

119 Quoted bv A E Russell, p 1005 

120 Gowers, William R Absti ict of a Lecture on The Nervous Sistem in 
Old Age, Polyclinic, London, 1007, vi 131 

121 ilott Arch Neurol , London, i 499 
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piessiue Wliethei the appaient impeimeability of the biain repiesents 
a tiiie finding oi whethei this failme to demonstrate ready peimeabilit} 
was due to faulty technic oi unconsideied factors of capillarity cannot be 
stated, the technic^-- was similai to that successfully employed by Biodie 
in demonstiatmg the peimeability of other organs 

I shall not consider Mottos production of edema of the brain in ani- 
mals by experimental ligation of arteries/-’- since Ins description slious 
plainl} that his conception of biam edema is widely divergent from that 
held by the Traube school 

His lefeience to the ease with winch the peimeuronal spaces were 
made out in some of the eases of expeiimental anemia’-’ is of lessened 
significance when I remind the reader that these appearances aie often 
due to aitifaets Also it must not be overlooked that Huguemn’-^ has 
obseived fiom experiments on animals that a given brain is moistei after 
death than dining life 

The essential point to be held in mind in connection with the transu- 
date theory is that pressure continuity exists tlnoughout all the fluid 
molecules in the cianium Pressure caused by transudation from the 
blood-vessels vould be transmitted from molecule to molecule everywhere 
tlnoughout the cranial cavity and spinal canal — it would be felt, gener- 
ally speaking, as fully oi nearly as much m the subarachnoid fluid on the 
outside of the biain as in that within the peiivasculai and interstitial 
spaces Under these ciicumstances there would be no disarrangement 
of the biain, that is to say, no ciowding up of the external portions 
against the bony vault Uor could there be, as already stated, anj'- meas- 
urable molecular compression although intracranial pressure were raised 
to great heights Vascular compression would occur, but this would not 
explain the soggj condition of the tissues (often considerable from the 
gross and the histological point of view) intervening between the vascular 
spaces 

On physical grounds therefore we aie not justified in maintaining 
that transudation is a cause of ceiebial edema, whatever lole it may play 
in the pioduction of edemas elsewhere 


122 Peisonal Comniumeation 

123 Hugueiiiii Handbucli der speziellen Pathologic imd Theiapie ^ou \ 


Ziemsaen, SuppI Vol , 1878, p 6 

124 The following descriptions taken from autopsy lepoit 170 2,402, are intei- 
esting since they show that transudation does not necessarily take place within 
the skull as a result of thrombosis of the veins of the neck 

“Head The longitudinal sinus is free, there is marked pial edema and a 
niodeiate amount of fluid at the base The cerebral -vessels are everywhere un 
and normal The pial veins over both superior convexities are normal with the 
exception to be noted below The temporosphenoidal and occipital veins on the 
surface of the right side are the seat of firm, blackish coagula On removing the 
biaiii, a laige vein with its branches filled with blackish clot is found torn ami 
hing on the supeiior surface of the petrous portion of the tenipon one i 
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The old idea propounded by Tiaube that ceiebiai edema is due to 
tiansudate has peisisted with some tenacity m spite of the evidence to 
the contrary oftered by Cannon (1901) With the exception of Cushin<r 
(1903 and 1908)24,25 appears that the significance of Cannon’s work 
has been largely ovei looked 

Leyden/25 Duret/ 2 <* Cybulski^^^ and HilP^s believed that intia- 
cianial tension must equal blood tension in order to produce death Can- 
non/29 leasoning fiom then experiments, in an attempt to explain the 
mode of death after trauma of the biain, decides that transudation could 
not raise piessuie sufficiently to bung this about, since pressure outside 
the vessels would not equal that within, owing to loss thiough resistance 
of the tissue 

The leader deduces for himself that since the accepted mode of death 
in ceiebral edema is through high tension inducing arterial collapse, the 
cause of the cerebral edema cannot be transudation 

Cannon develops a theory of edema which differs radically from that 
of all other observers and in which he ascribes the swelling to osmosis 
induced by chemical changes in the brain-cells themselves He finds a 
satisfactory analogy m the experimental work of Budgett^®® and of 
Loeb^®^ on muscle tissue, and supports his arguments by observations 
on the capacity of brain tissue when deprived of its blood supply to take 
up water from a solution isotonic with the blood 

He lays no particular emphasis on causation but points out that Loeb 
and Budgett emphasized lack of oxygen as a probable Cause of the chemi- 
cal changes in their experiment, and demonstrates the mannei m which 


vein evidently formed a communication between the above named veins and the 
lateral sinus The lateral sinus and the bulb on the light side is the seat of a 
dark coagulum which is markedly adherent to the wall of the vein The right 
middle ear contains an excessive amount of clear fluid The light mastoid cells 
appear to be mostly closed, the bone being extiemely firm and discolored yellowish 
The left middle ear and mastoid normal Cioss section of the brain reveals no 
gross lesions There is no edema of the brain substance The lateial ventiieles 
weie not distended and contained a normal amount of fluid 

“Blood-Vessels The inferior vena cava is normal The superioi vena cava, 
the right innominate, right and left internal jugular and left ev-ternal jugulir 
veins are markedly thickened and the seat of an old firmly adherent and paitially 
organized thrombus, which is paler at its cardiac end than toward the head 

125 Leyden, E Beitrage und Untersuchungen zur Physiologie und Pathologic 
des Gehirns, Arch f Path Anat, 1866, wxvii, 519 

126 Duiet, H Etude expCrimentales et cliniques sur les traumatismes cCrC- 
biaux, Pans, 1878, p 183 

127 Cybulski, N Zur Erage des Geluindiuckes, Centralbl f Phjsiol, 1891, 
IV, 834 

128 Hill, L The Physiology and Pathology of Cerebral Cnculation, p 108 

129 Cannon Am Jour Physiol 1901, vn, 101, 102 

130 Budgett, S P The Similarity of Structural Changes Produced bj Lack 
of Oxygen and Certain Poisons, Am Jour Physiol , 1898, i, 210 

131 Loeb- Arch f d ges Physiol, 1898, Ixxi, 47 

132 Cannon Am Jour Physiol , 1901, \i, 114, 115 
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lack of oxygen -would follow as a result of circulatory changes resulting 
from brain contusion 

Cannon^s idea that lack of oxygen sets in motion the processes 
described, while satisfactory from a surgical standpoint, does not seem 
to apply equally well to other pathological conditions 

His theory has the merit that it is the only one so far given that is 
unassailable from the standpoint of mechanics and I cannot but feel 
that the process described, or something like it, is responsible for all 
tiue cases of cerebral edema, meaning by this edema of the brain as 
distinguished fiom pial edema 

Cannon^^® suggests a seeming objection to the working out of his 
theoiy in the occurience of fluid noted in the duia or in the ventricles 
in ceitain recorded cases, “for why,” he says, “does not the fluid pass 
into the tissues lathei than accumulate if the tissues have the great 
osmotic powei attiibuted to them^” He believes that the question cannot 
be deflnitely settled until the osmotic pressure of the fluids has been 
determined, he adds that the fluids must be encapsulated, and gives the 
following as a possible explanation 

The diffusion of salts from the injured tissues into even a slight amount of 
fluid in an encapsulated space ivould rendei that fluid of highei osmotic pressure 
than the blood-plasma The plasma would theieupon pass into the encapsulated 
space in obedience to osmotic laws and thus increase the fluid in its compressing 
effect Further change in the injured tissues would lead to gi eater swelling m 
them and to diffusion of more of the dissolved products of decomposition The 
diffusion into the encapsulated fluid would still fuithei increase its osmotic 
piessure, and result in still moie plasma coming to increase its volume Thus 
there would be a passage of salts from tissues to blood in a series of decreasing 
concentrations, and a passage of fluids to tissues in a series of increasing osmotic 
pressures And since water will pass moie rapidly than salts through membranes, 
the result is usually a gi eater and greater pressure until death supervenes 

The importance of emphasizing Cannon’s frank objection to his own 
theoiy and his explanation of the same is that if unanswered it affects 
our own theories and conclusions as well Such a subdural process as 
that to which he refers suggests in a way as an analogy, a subdural hydro- 
cephalus — a process in legard to which we know extremely little Fluid 
in any amount is so seldom seen post mortem^^-* m the subdural space 

133 Cannon Am Jour Physiol, 1901, vi, 119 

134 Huguenin has discussed this matter rather carefully It seems curious 

that some writers have failed to realize tiiat the cranial subdural space is distinc 
Irom the subaiachnoid space and its spinal prolongation, for, owing to the cose 
apposition of the membranes, at the foramen magnum, there is no su ura^ 
space m the spinal canal To illustrate my meaning, bloody spinal ui ^ as 
been considered to be an evidence of middle meningeal hemorrhage, w ereao e 
presence of blood in this fluid in such cases is only an indication oi rup ure 
the dura and subarachnoid membrane or cerebral laceration In * 

internal pachymeningitis the cerebrospinal fluid is clear unless ere as 
extension oi the process to the pia 
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that we seldom expect to come across anything except the yellowish 
seious fluid that often accompanies a pachjanenmgitis hemorrhagica 
interna Possibly this fluid may not be so readily absorbed as the nomal 
spmal fluid of the subarachnoid space 

More frequently during life the subdural space seems to contam thm 
exudate of an apparent inflammatory origin, especially where there is 
middle ear disease This exudate, or transudate, may or may not repre- 
sent the mcipient stage of a purulent pachymenmgitis and has more than 
once been described by operatmg otologists as meningitis serosa Consid- 
ering these facts, it seems imwise to attempt to draw any conclusions as 
to why subdural fluid seems to remain in the subdural space m some cases 
of apparent brain edema when one might naturally expect that it would 
be squeezed out 

Gannon^s explanation as to the action resultmg from the diffusion of 
salts from mjured tissues into an encapsulated space, while theoretically 
sound for dead membranes, ignores the fact that living ammal mem- 
branes have a selective action permittmg the passage of one ion or 
molecule and preventmg the passage of others, and he also appears to 
overlook the fact that such diffusion would affect primarily the subarach- 
noid fluid which directly envelops the bram tissue We actually do not 
know the mode of absorption of the subarachnoid fluid nor what relation 
it bears to the subdural fluid, for experiments thus far conducted have 
not settled this point Purthermore were the resorption of the subarach- 
noid fluid interfered with, 'the type of swollen bram described by Traube 
and Kolisko could not occur since its change m volume must necessarily 
be largelv at the expense of spinal fluid 

In regard to the occurience of accumulations of fluid in the ventiicles, 
of which Cannon speaks,*®^ several hypotheses may be offered, first, that 
the eases mentioned weie not those of actually swollen or edematous 
brains, second, that if they weie the edema was m its mcipience, third, 
that there was some obstruction to the outflow of spinal fluid from the 
ventiicles It is conceivable that under certam conditions of acute brain 
swelling such a result might be brought about The oft-described perme- 
ability of the bram does not always seem to hold good, for cases ha\e 
occurred m our experience with apparent sudden onset in which flattened 
dry convolutions, dry cut section and distended ventiicles afforded almost 
proof positive of a confined and increasmg ventricular secretion 

A newer theory of edema than that offered by Cannon and one which 
applies equall} well to mti acranial conditions is that recently advanced 
by Piseher.^’= This theoiy, built on 'experunents, assumes that certain 
alterations in the fluids of the bod}, as for example too great alkalinit} 

135 Fischer, Martin H The Nature and the Cause of Edema, Tnh JocBv vl 
A M A , 190S, h, 830 
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01 acidity (including excess of eaibon dioxid) so increases the affinity of 
colloids for water that they become swollen with resultant edema and 
swelling of the tissues Fischer cites as examples of this action of col- 
loids, swellings due to stings of insects, the swelling of gangrenous tissues 
when water is applied to them, and the swelling of dead bodies kept m 
water, as cases in point The brain is rich in colloidal substances which, 
should they suddenly begin to absoib water, would inciease its volume 
m such a manner as to foice all the cerebrospinal fluid from the skull A 
subsequent evacuation of a certain amount of fluid into the tissue spaces 
of the biain, accordmg to the mechanism described by this writer, would 
give rise to the soggy appearance observed 

Willie the type of brain of which I have been speaking is undoubtedly 
the one which Tranbe^s foUoweis have had in mind in then discussions, 
it IS evident that they have now and then (through oversight of a 
mechanical principle) confused the swollen edematous bram with the 
moie common foim in which there is extensive or moderate pial edema 
and moie 01 less moisture of the brain substance — ^the type which has 
been demonstrated as a physiological or pathological brain shrinkage 
In the fiist place, although it is impossible for the brain and subaiach- 
noidal fluid to be increased at the same time,^®'^ certain of the cases are 
so described as to imply that this may have taken place In Cushmg^s 
article^^® in connection with subtemporal decompression in a case of 
chronic nephritis which has already been referred to, we are told that 
there was considerable fluid in the subarachnoid space and that the arach- 
noid membrane was pricked to allow of this escaping The obvious 
deduction on leading Cushing’s article is that he was dealing with the 


136 This theory of colloidal absorption is not generally regarded as proved 
It is well known, however, that myelin substances are capable of absorbing large 
quantities of water 

137 Unless we allow the brains in question to have been markedly shrunken 
beforehand and admit that they have become swollen since In such cases we 
can at least be sure that the edema itself could have played no part in the pro- 
duction of pressure symptoms 

138 On page 488 Cushing describes the operation at this stage as follows 
“The dura was e^:ceedingly tense and owing to the marked degree of cerebral 
protrusion that followed the first incision, it was opened with considerable hesita- 
tion in the absence of coincident lumbar punctures It was accomplished, how- 
ever, without injury to the pia arachnoid The subdural space contained no 
free fluid The arachnoid on the other hand was markedly distended with fluid 
which escaped after pricking the membrane in a number of non-'v ascular space^ 
where it bridged the exposed sulci Not only was there a superabundance of fluid 
in the arachnoid space hut the brain itself appeared soggy and wet ” This picture 
it seems is hardly compatible with our conception of the swollen edematous rain-, 
described by Traube unless we accept the paradox that in this instance both br un 
volume and subaiachnoid fluid contents were simultaneouslv increased me 
mechanical complications arising as the result of a subsequent cere ra 

rhage in the right hemisphere (see page 491 autop:,j 
certainly renders the case of little value from the standpoin o 
cerebral edema 
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type of brain wbicb has been especially discussed in this papei, and not 
with a true case of edema of the brain, as he may have supposed 

Similarly Phelps^®® cites a case of a patient dying of traumatic brain 
^§6 IS not given) in which there was model ate subcM achnoid 
effusion and well-maiked edema of the brain Cannon^*® cites this case 
as an example of brain edema To multiply such instances is unneces- 
sary 

The conclusion to which we are led, based on the fact that in over 
1,000 antopsies taken from the recoids of the Bellevue Laboratory, 
there have occurred no truly swollen or edematous brains of the types 
described either by Kolisko or by Tiaube, is that these biams are so rare 
that they cannot figure to any great extent in the common run of those 
diseases or surgical conditions which they are popularly supposed to 
accompany and that m many instances the inferences drawn at the 
autopsy table are incoirect ones based on an impioper interpietation of- 
the ordinary appearances of pia arachnoidal collections of fluid, especially 
where there is also present some widening of the perivascular spaces 
It must be remembered, in referring to Kolisko’s cases, that the number 
of autopsies which he has pei formed is enormous 

Another type occasionally seen is that in which there is general appar- 
ent increase in the volume of the brain, diminution in the size of the 
ventricles, decreased or absent subarachnoid fluid and pronounced flat- 
tening of the convolutions , but m none of these cases has there been any 
increased moisture from the cut surfaces of the hemispheres On the 
contrary they have exhibited a rather more than normally dry or glazed 
appearance 

The relations existing between pial effusions and the appearances 
described as serous meningitis are such as to create confusion This is 
chiefly because the common millgr patches on the aiachnoid aie apt to be 
mistaken foi active inflammatory processes, while any free fluid made out 
in the subarachnoid space is consequently assumed to be serous imless it 
IS slightly cloudy 

A critical review of the literature of serous meningitis leads one to 
the conclusion that a great deal has been written on the subject which 
will not bear analysis , indeed, such an examination causes one to question 
whether, taking into account the various possibilities of mistake, the 

139 Phelps Traumatic Injuries of the Brain and Its Membranes, vi, 536 

140 Cannon Am J our Physiol , 1901, vi, 97 

141 Dr Xorris tells me he has never observed this condition, although he 
has for four years been on the watch for it 

142 A case of this sort is included in our tables of cranial weights and 
volumes, note Group II, Accession No 2,099, Table 5 

143 In such cases a careful bacteriological evamination must be made to 
eliminate a beginning inflammatory process, especially in pneumonia 
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disease can be said to have been positively demonstrated Thiemicb.^^^ 
observes that ‘^the term serous meningitis is primarily anatomical and 
as such is ambiguous,^'’ a statement the tiuth of which becomes increas- 
mgly appaient with added study The instability of the foundations on 
which the study of the sub]ect of serous meningitis has been made to 
rest IS made appaient when one analyzes the fourteen cases on which 
Qumcke^^® based his clinical observations The first siz cases were 
entirely clinical lasting up to five months with acute onset, acute course 
and recovery hTo bacteriological work was done A second group 
described as “acute cases with a chionic course,” comprises three cases 
Two of these came to autopsy and showed chronic internal hydrocephalus 
with tuberculosis elsewheie m the body. 

In a thud group comprising five cases and described as “chronic,” 
three came to autopsy The fiist of these showed a granular ependjmiitis 
with hydiocephalus mteinus and no tubercles The second showed 
chronic hydrocephalus, ventiicles very wide and filled with clear fluid, a 
granular ependyma, meningitis, extensive milky clouding of the pia, and 
slight opacity of the membianes of the coid There was a large abscess 
in the pelvis, pyemic abscesses in the lungs, an old endometritis, and 
“myelitis ( p) ” No bacteriological examination was made In a third 
case enoimous hydrocephalus (800 cc of fluid) was present For the 
entire group no histological findings are recorded, no bacteriological woik 
was done, and inti acranial pressure was measured only five times Every 
case of Quincke’s, theiefore, which came to autopsy, was a ease of internal 
hydrocephalus It is hard to see on what grounds he based his assump- 
tion that in these cases the causative factor was a serous inflammation 
of the meninges At the same time Quincke^^® informs us that ‘Tie did 
not find that the fluid in chionie serous meningitis differed from ordinary 
cerebrospinal fluid Believing as I do that the spinal fluid is a ventric- 
ular secretion,^^’’ I cannot see how his point is demonstrated or how he 
differentiates his cases from the ordinary form of internal hydrocephalus 
Thiemich, as already noted, looks on the so-called acute hydrocephalus 
of childhood as a ventricular serous meningitis He considers that the 
fluid of “internal” serous meningitis is usually clear but that there are 
slight changes which indicate mflammation of the ehorioid plexus and 
ependyma Possibly the terms “chorioiditis” and “ependymitis” are 
more suitable here 


144 Thiemicli, Seious Meningitis in Diseases of Cliildien, p 413 

145 Quincke Samml klin Vortr , pp 656 668 

146 Quincke Samml klm Vorti , p 678 

147 The reader is referied to Brodie’s Harvey Lecture, Isesv Yoik, 

Renal Activity (the chorioid plexus being supposed to functionate as d 

148 For composition of the fluid in hydrocephalus, ^ 

Text-Book of Physiological Chemistiy, Hammarsten Ed, 1908, p - 
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Qumcke makes a statement m his article that has a distinct mechani- 
cal significance, he says “^‘In general venous stasis (as in valvular heart 
disease) we see, in addition to edema of the brain substance, increase in 
fluid not only in the ventricles but also, and usually in a higher degree, 
in the subarachnoid space, whereas local venous stasis leads only to trans- 
udation into the ventricles with transudation into the brain and compres- 
sion of the convolutions against the skull ’’ 

Edema of the bram substance with increase in the ventricular and 
subarachnoid fluids is obviously a mechanical impossibility as alreadj 
pointed out The second statement implies a closuie of the iter or fora- 
mina of Magendie 

Boenninghaus’ series is equally as unsatisfactory as Quincke’s It is 
observed that most of his cases can readily be accounted for as either the 
beginnmgs of acute purulent or epidemic cerebrospinal menmgitis, or 
as the chronic and partly healed phases of the same conditions 

It IS hard to see how the condition can be demonstrated by the histo- 
logical findings when we consider that the only way one can really prove 
that a given case of meningitis is serous in character and not some form 
of leptomenmgitis with biain shrinkage, is by the presence of seious 
esudate 

Thiemich lays great emphasis on the bacterial, microscopical, and 
chemical examination of the spinal fluid in these cases and it seems safe 
to say that this is the only satisfactory method m making a diagnosis 

PART Jf—THE CLINICAL SIGNIFICANCE OF PIAL EDEMA 
There are one or two points of importance that require consideration 
before closing Of these the first to be considered is the question of the 
extent to which high intracranial pressure accompanies pial edema 

The simplest method of estimatmg intracranial pressure post mortem, 
as has already been stated, is by observation of the tenseness and bulging 
of the duia just after the skull is opened Although only a lougli guide, 
this method may be regarded as accurate enough for present purposes 
In twenty-eight consecutive cases of pial edema exammed, the dura was 
found tense in ten, indicatmg that high intracranial pressure coexisted 
with pial edema m more than one-third of the cases Proof that the two 
conditions do not necessarily coexist is furnished by a case of pial edema 
which was tapped several hours before death by Dr. H V Guile, former 
intern of the Bellevue Hospital staff The intracranial tension, as meas- 
ured by him, was normal (loO mm of HoO) Certain writers on alco- 
holism, mcluding some recent ones, have looked on the presence of pial 


149 See Accession No 2,057, in Table 5 
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edema as evidence of high intiaciamal tension, it seems wise in this 
connection to point out that in many cases symptoms which may have 
been due to coexistent high intracranial pressure were wrongly ascribed 
to a “wet-brain^^ found post moitem 

The second question woithy of attention is. May pial edema be looked 
on as a cause of symptoms^ I have been at some pains to question the 
various house physicians as to the ante-mortem condition of the cases on 
which I performed the head autopsies, particularly those cases in which 
much edema was present In Table 5 are the results obtained by chis 
system of inquiry 

I give here a report of all cases as they occurred regardless of whether 
or not edema was present, but regrouped for convenience of study 

Table 5 — Repoet op all Cases as they Occuebed 


Gnonp 1 


Acc No 

Degree of 
Edema 

Disease 

Mental Condition Just Before Death 

2,039 

XXX 

Tuberculous meningitis 

Stupor present 

2,057 

XX 

Brain tumor 

Stupor present , (mtiacianlal tension ante- 

2,085 

XXX 

Congenital diplegia 

mortem was 150 mm of HsO) 

Torpid from birth 

2,111 

XX 

Uremia 

Uremic coma 

2,152 

X 

Tuberculous meningitis 

Stupor present 


In this group are placed those cases in which the nature of the lesion 
is such that it would be difficult to determine the relation of stupor to the 
coexisting edema Case 2,057, mentioned above, is of particular interest 
as suggesting that stupor with biain tumor is not necessarily dependent 
on high intracranial tension, as the tension in this case is normal 


GnoLi* 2 — No Pial Edejia Pbesem 


Degree of 


Acc No Edema 

Disease 

Mental Condition Just Before Death 

1,907 

Chronic pulmonary tu- 
berculosis 

No cerebral symptoms 

1,959 

Delirium tremens 

Delirious till death 

1,074 

Polyserositis 

No cerebral symptoms 

2,099 

Patty liver , cause of 
death unknown , In- 

Convulsions 

2,109 

fant 

Pulmonary tuberculosis 

No piessure or other cerebral symptoms 

2,146 

Carcinoma of stomach 

No cerebral symptoms 


The cases in this group have been included merely for the sake of 
completeness 

Of the following eighteen patients, nine had absolutely no symptoms 
of cerebral disturbance Tive were irritable oi delirious, and four stupOT 
ous or comatose Of the four cases last mentioned, two presented t 
picture known as "alcoholic wet-bram,” a third was profoundly stuporous 
and a fourth comatose Although included in this group, it is o vious 
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that coma in a case of perforated gastric ulcer with fatal hemorrhage 
(Acc No 2,133) might leadily be due to other faetois than those caused 
by pressure of fluid on the cortex 


Gboup 3- 


Acc No 

Degree of 

OF Stupor or 

Edema 

Disease 

1,879 

XX 

Cirrhosis of liver 

1,880 

XXX 

Interstitial pneumonia 

1,891 

XXX 

Ac par nephritis 

1,892 

XXX 

Epithelioma of esopha- 
gus 

1,903 

XX 

Chronic cardiovascular 
disease 

1,912 

xxxx 

General arteiiosclerosis 

1,963 

XX 

Cardionephritls 

1.964 

XXX 

Carcinoma of esophagus 

2,052 

xxxx 

Chronic interstitial 
nephritis 

2,082 

XX 

General miliary tuber- 
culosis 

2,113 

XX 

Chionic alcoholism, 
gangienous cervicitis 

2,112 

XX 

Landry’s paralysis 

2,117 

X 

Chronic glomerular 
nephritis 

2,133 

X 

Perfoiated gastric ulcer 

2,147 

XXX 

Pulmonary tubeiculo 
sis , chr alcoholism 

2,148 

XXX 

Pulmonary tuberculo- 
sis , ebr alcoholism 

1,940 

XX 

Secondary hemorrhage 

2,133 

XXX 

Emphysema 

On 

review, there appeals in these 


Mental Condition Just Before Death 

No eMdence of cerebral disturbance 
No signs of cerebral compression 
Had no ceiebial symptoms until just be- 
fore death, when be became sllghtlv de 
Iiiious and later sank into a stupoi 
about which, there was nothing charac 
teds tie 

Died in delirium 

Was never comatose, nor did he have any 
mental symptoms beyond the Irritable 
ness common to advanced alcoholics 
Characteristic mental symptoms of senility 
No ceiebial symptoms 
No cerebral symptoms 
Stupor was present 

No ceiebral symptoms 

Died in delirium 

Conscious till death 
No cerebial symptoms 

Died in coma 

Inational, wandeiing and partly stupoi 
ous foi some time befoie death 
Moderate degree of stupoi piesent 

No cerebral svraptoms 
Rational all the time , died suddenly on 
attempting to sit up in bed 


UJ-AW V/VXV/XXACt Ajj. AWkJV/XO. - ^ 

toms of delirium tremens and ^‘alcoholic wet-biain,'’ it should be lemem- 
bered in this connection, have been aseiibed more piopeily by otheis to 
toxemia My observations thus have led me to believe that such symp- 
toms as have been recorded aie the result of high lutraoranial piessme 
or toxemia (COo or othei poisons), or both, coexistmg with jnal edema, 
but not otherwise related to it 


CONCLUSION 

My conclusions may be summed up as follows 

1 The collection of fluid in the pia matei is not pei se a pathological 
process but in every instance repiesents the reciprocal of biain shrinkage 

2 It produces pei se no sjouptoms 

3 Thickenings of the meninges in such eases take place ehiefl} in 
the arachnoid and aie not to be legaided as representing a tiue inflam- 
matory process 
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4 The biain inci eases in size up to pubeity and diminishes theieaftei 
propoitionately to its diminution in weight, as shown by comparison 
with the tables of brain weights presented 

5 Increase oi diminution in size of the brain is not determined by the 
state of nutrition of the rest of the body 

6 The appearance of “wet-biain” so called, or pial edema of alco- 
holics, IS due to brain shrinkage and has no pathological significance 
per se 

7. The appeal ances of pia-arachnoidal effusion are readily mistaken 
for those of serous menmgitis 

8 When a collection of fluid is present in the pia arachnoid, a diag- 
nosis of edema of the biain is open to question and can be made only on 
the assumption that the brain has been pieviously in a more shrunken 
condition 

9 We see no reason to believe that transudation can be a causative 
factoi in the production of cerebral edema 

10 Cases of swollen or edematous brains with dry pias aie decidedly 
uncommon at autopsy and the diagnosis of cerebral edema should be 
made only when actual increase in the volume of the brain matter can be 
pioved 

I wish to thank Dr Charles Norris for the opportunity to carry out these 
investigations and foi his extended cooperation and criticism I also ivish to 
thank Drs A M Pappenheimer and Cyius W Field of the laboratoiy staff for 
assistance and criticisms, Dr Ernest Sachs for a critical review and Mr Albeit 
L Stillman for an exposition of those principles of mechanics and physics that 
are involved in this paper 

128 Lexington Avenue 



A GLIjSTICOPATHOLOGICAL STUDY OP PEIMAEY CARCI- 
NOMA OP THE LIVBE ' 

HOWAED T KAKSNER, MD 

PHILADELPHIA 

Although much had been written pieviously, the work of Hanot and 
Gilbert^ was the first comprehensive investigation of primary caicinoma 
of the liver and marked a distinct epoch in the study of the disease 
Numerous contributions followed this before the publication of BggePs=^ 
great work, the most notable in the interim bemg that of Siegenbeek van 
Heukelom® whose brevity, clearness and penetiating logic demonstiated 
a most comprehensive grasp of the subject 

It IS not my purpose to go into the details of the voluminous liteiature 
on primary carcinoma of the liver, for the works mentioned are most 
painstaking in this lespect Furthermore some of the more lecent essays 
on the subject bring the literature completely up to date, among these 
works should be mentioned the writings of Conti,^ Pulci,® Beitelli,® The- 
odorow/ Eibbeit,® Cruickshank and Teacher,® and of Pabiani^® 

In order to have some standard for judgment I have accepted Eggel’s 
conception of the- clinical and pathological features of the disease, foi 
although several years have passed since the appeal anee of his papei, 
very little is to be added to his description After reviewing the literature 
of the nomenclature of epithelial tumors he includes under the bioad 
term of carcinoma all epithelial new growths of malignant character, a 
thoroughly German conception In lefeienee to the liver, he speaks of 
carcinoma when there is either macroscopically or microscopically the 
formation of tumor thrombi or metastases or when there is exhibited a 
destructive influence on the surroundmg liver tissue 

On the basis of EggePs critical study of 163 cases fiom the world’s 
literature it may be said that cancer of the liver is most frequently a 

*FroiQ the McManes Laboratory of Pathology, University of Pennsylvania 

*Read before the Pathological Society, Philadelphia, May 26, 1910 

1 Hanot and Gilbert Etudes sur les maladies du foie, Paris, 1888 

2 Eggel Beitr z path Anat u z allg Path, 1901, xxx, 506 

3 Siegenbeek van Heukelom Beitr z path Anat u z allg Path , 1894, 

XVI, 341 

4 Conti Policlinico, Borne, 1908, \v, 385 

3 Pulci Policlinico, Borne, 1908, xv, 408 

6 Bertelli Biforma Med, 1908, xxiv, 957 

7 Theodorow Virchoiv’s Arch f path Anat , 1908, c\ciii, 407 

8 Bibbert Deutsch med Wchnschr , 1909, p 1607 

9 Cruickshank and Teacher* Jour Path and Bacteriol , 1910, \n', -S- 

10 Fabiani Gaz d osp , 1910, sxx, 433 
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disease of men (63 3 per cent males, 36 7 pei cent females) occninng 
particularly between 50 and 60 years of age (average for men 53 11 years, 
for women, 53 23 years). The past histoiy of the patient often shows 
factors that would seem to favor cirrhosis, such as alcoholism, syphilis, 
biliary calculi, trauma and in a few cases (four in 163) a history of 
cancer in othei members of the patienfs family 

Glmieally, the earliest symptoms are those of more or less vague 
trouble in the gastro-intestmal tract Before the appearance of the 
symptoms ref ei able to cancel, symptoms of atrophic cirrhosis sometimes 
predominate After the development of the cancel, loss of flesh, digestive 
disturbance and cachexia put in their appearance Statistically the 163 
cases show icterus in 61 per cent , ascites in 58 5 per cent , edema, espe- 
cially of the lowei extremities, in 41 per cent , splenic tumor in 32 per 
cent and fever in 14 per cent The duration aveiages about six months, 
although the estimation of the time of origin is much confused by the 
symptoms of the early cirrhosis 

From the point of view of gross morbid anatomy Eggel differentiates 
three forms of primary carcinoma of the liver 

1 The nodular form The new giowth appears in the form of nod- 
ules of variable number and size, for the most part clearly sepaiated fiom 
the liver tissue 

2 The massive form The tumor forms a large mass takmg in an 
entire lobe or the greater part of it, is poorly defined and often shows 
smaller metastatic nodules 

3 The diffuse form The whole liver is infiltrated with numerous 
small tumor nodules often no larger than an acmus, each enclosed in a 
connective tissue band so that the liver often is only differentiated from 
a pure cirrhosis by the aid of the microscope 

This grouping differs from the generally accepted classification of 
Hanot and Gilbert only in the third form, which the latter authors 
term cancer avec cirrhose Cirihosis is such a common feature in cancers 
that should properly be classified as nodular or massive, that in the light 
of more modern studies of a greater number of cases, this classification 
of Hanot and Gilbert seems unjustified 

Microscopically there are two chief gioups, the carcinoma solidum 
(really a carcinoma simplex) and the carcinoma adenomatosnm, corre- 
sponding respectively to the epithehome alveolaiie and the epifheliome 
iraheculaire of Hanot and Gilbert 

Although Hanot and Gilbert thought it possible to differentiate these 
forms clinically, the studies of Eggel and others seem to indicate the 

impracticability of such a fine diagnosis j i i ^ 

The purpose of the present communication is to present a ^etaileu 
study of nine cases of primary carcmoma of the liver, some ® ^ ^ 
came under my personal observation in the Philadelphia enera oapi 



240 


the archives of internal medicine 


and the University Hospital, and otheis of which were kindly referred to 
me by Dr Warfield T Longeope, the Director of the Ayer Clinical Labo- 
ratory of the Pennsylvania Hospital The special features of these cases 
will be discussed with their individual presentation The gross descrip- 
tions of the specimens from the Pennsylvania Hospital are by Dr Long- 
cope The minute descriptions throughout are my own 


REPORTS OP CASES 

Case 1 —History— M W , a white woman, aged 40, was a patient m the Uni- 
versity Hospital (No 1,885) in the service of Drs Martin and Garnett The 
clinical history is abstracted as follows The family history is negative 
Eighteen years ago the patient had an attack of chills, fever and jaundice with 
vague pains in the abdomen, she had similar attacks about once a year from this 
time on, and the most of these had the same symptoms with loose light colored 
stools She never vomited but often felt nauseated Seven years ago she had 
an attack of inflammatory rheumatism which lasted four weeks She has been 
an excessive coffee drinker 

Present Illness — ^Three months ago the patient was taken with an attack of 
chills, fever and jaundice, the last being much deeper than ever and remaining 
unchanged up to the present time, has much diarrhea, has lost weight and com 
plains now of pain and tenderness in the upper abdomen, especially on the right 
side 

Physical Examination Jaundice and emaciation are present and the liver 
is markedly enlarged, easily palpable, as is also the case with the spleen Tem- 
perature is not elevated at any time Urine shows slight sediment, 1 018, acid, 
negative for albumin, sugar, but positive for bile, it shows a few leukocytes and 
epithelium 

Blood Hemoglobin, 71 per cent , red blood cells, 3,910,000, white blood-cells, 
7,900 Differential count, polymorphonuclears, 70 per cent , lymphocytes, 12 per 
cent , large mononuclears 1 per cent , transitionals, 9 per cent , eosinophils, 6 
per cent , basophils, 2 per cent No malarial organisms 

Stools show no free fat, but a few fatty acid crystals, a few small masses of 
soap 

Exploratory operation was performed by Dr Martin after which there devel- 
oped a very marked hemophilic condition and the patient died a few days later 

Neciopsy (by H T K ) — ^This was performed about twelve hours after 
death The notes are abstracted as follows Liver weighs 2,320 gm , measures 
28 by 23 by 7 5 cm , shows prolongation of the sharp anterior edge, the edge 
itself is of normal shaipness The upper surface is flattened The capsule is 
adherent posteriorly and there are several glands adherent but not very densely, 
in the transverse fissure The surface of the liver is coarsely granular but, except 
in the position of adhesion shows a glistening suiface The color is generally 
green with mottlings of yellow and yellovnsb-giay areas approximating the size 
of a millet-seed to that of a small pea, consistence is greatly increased On 
section the liver cuts with considerably increased resistance, cut surface shows 
the same degree of granularity as noted on the outer surface In a few aieas 
tubules with very much thickened yellowish gray walls are seen to be cut across 
Approaching the under surface of the right lobe one finds on cross-section a mass 
runmng almost directly antei oposteriorly, apparently spindle shaped, extending 
from the anterior margin of the liver almost all the way through it, but not 
being visible on the surface except anteriorly where a small area of triangular 
shape is seen, which superficially resembles scar tissue A cross section or 
tumor mass m its middle part measures 5 by 3 cm , it tapers postenorlv to 
become invnsible, while anteriorly it measures roughly 2 cm in diameter Direct 
connection of one part of this mass with other parts all through the liver sub 
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stance cannot positively be demonstrated The mass is not sharply outlined and 
fades away into the hepatic tissue with almost no signs of pressure, apparently 
replacing the parenchyma The tumor is grayish-yellow in color with some 
pin-head points centrally placed of a deep yellow color with a peripheral zone 
of hemorihagic points varying from bright red to a deep blue color The con- 
sistence of the mass is somewhat firmer than that of the liver tissue and approxi- 
mates that of hard rubber, the central minute yellowish areas are considerably 
softer and are probably minute areas of necrosis The number of duets with 
thickened walls (same hard consistence as tumor) is greater in the neighborhood 
01 the tumor than in othei parts of the liver, but can be demonstrated generally 
in both Tight and left lobes 

The condition of the other organs is indicated in the gross anatomical diag- 
nosis as follows Primal y carcinoma of liver, metastases to subhepatic glands 
and right adrenal, general jaundice, ascites, splenic tumor, chronic diffuse 
nephritis, general abdominal congestion, laceration, erosion of cervix uteri with 
hemoirhage into wall, chronic adhesive perioophoritis (left) , chronic cystic 
oophoritis (right) , edema and congestion of lungs, very slight cloudy swelling of 
myocardium Microscopically, thiee sections from the liver weie studied, one 
of livei, two of tumor The liver proper shows marked thickening of the capsule 
01 Glisson made up of moderately dense fibrous tissue without many nuclei but 
considerably infiltrated with round cells In many places the capsule is infil- 
trated with epithelial cells of the type of those found in the tumor, i e , large, 
generally circular vesicular nuclei and moderately abundant, well-stained proto- 
plasm Many epithelial tubules are seen on cioss section which either appear as 
noimal gall-ducts, or show several irregular layers of epithelium without dis- 
tinct basal membrane Some of the larger bale ducts show distinct peripheral 
fibrosis The blood-vessels are normal In many areas the peripheral parts of 
the lobule show distinct replacement of the liver cells by irregularly placed cells 
of the type seen in the tumor The parenchymal cells are swollen, granular and 
show loss of outline although the general chain arrangement is maintained 
Many of the cells contain masses of granular greenish-yellow pigment which in 
some cases is so abundant as to completely occupy the cell In many cases large 
collections of pigment are found in spaces corresponding to bile capillaries The 
nuclei are generally normal, some few, however, stain poorly and show abnormal 
arrangement of chromatin Duplication of nuclei in a cell is observed but no 
mitotic figures Central veins show no congestion 

The tumor proper is richly fibrous and is made of irregularly arranged inter- 
communicating acini, lined sometimes by a single layer, sometimes by multiple 
layers of epithelial cells These are low columnar cells, morphologically and 
tinctorially like bile duct epithelium, often, however, being of somewhat larger 
size The nuclei, frequently, aie more highly vesicular than in normal ducts and 
mitotic figures are fairly frequent The giowth penetrates through the liver 
tissue irregularly, in places substituting itself for liver tissue and in other places 
pushing the tissue aside Numerous areas show fine hemorrhages There appears 
to be every transitional stage between simple bile duct proliferation and the 
adenocarcinoma Extension into veins occurs but is not frequent, the tumor 
even here shows the adenomatous arrangement and often completely obliterates 
the vessel Involvement of lymph-spaces could not be determined 

Othei tissues were examined microscopically, the diagnosis being Primary 
adenocarcinoma of the liver, with involvement of the liver veins, cloudy swelling 
of myocardium, chronic congestion of spleen, chronic interstitial nephritis wi 
superimposed acute parenchymatous nephritis 

To summaxize, the tumor appeared m a woman 40 years of age Clin- 
ically she had a history of excessive coffee-drinking, and an illness simu- 
lating cholelithiasis She showed jaundice, emaciation, and very slight 
ascites Pathologically the tnmor was primary in the lixer, with limited 
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metastases, slight neoplastic thiombosis, einhosis and splenic tumoi 

The liver tumor is of the tubulai type and apparently has its oiio-in in 
the finer bile-ducts ® 


C C , a Swedisli man, aged 49, was a patient in the Phila- 
aelphia General Hospital (No 2,450) on the service of Dr H B Allyn The 
clinical history is abstracted as follows The chief complaint is weakness in 
u 1 j family history is negative The patient had the usual diseases of 
childhood, had pneumonia, had lead colic five years ago He does not use 
alcohol, denies venereal infection He is a lead worker The present illness 
began with pain in the abdomen, weakness and constipation one week ago 

Physical Examination — ^This shows blue line on gums, arcus senilis, unequal 
pupils, enlarged liver (3 cm below costal margin) and later demonstrable 
ascites Before death he developed convulsions, hematemesis, delirium 

Blood Hemoglobin, 40 per cent , erythrocytes, 3,230,000, leukocytes, 5,000, 
of which the polymorphonuclears formed 76 per cent, small lymphocytes, 9 per 
cent , large lymphocytes, 8 per cent , eosinophils, 3 per cent , basophils, 4 per cent 
Ho basic degeneration of erythrocytes 

Urine Alkaline, specific gravity, 1 018, negative for albumin and sugar 


Necropsy — This was performed by me twenty-four hours after death, the 
notes being abstracted as follows Liver weighs 3,300 gm , measures 28 by 23 
by 11 cm , very firm, abnormally rounded, shows a smooth, glistening, trans 
parent capsule through which the livei substance is seen to be studded with 
innumerable grayish-yellow nodules with umbilicated surface, generally rounded, 
discrete and confiuent, varying in size from a diameter of 1 mm up to 4 cm 
The organ cuts with moderately increased resistance, shows the same appearance 
of discrete and conglomerate nodules, showing a central mass of bright yellow 
structureless apparently necrotic material sharply outlined, and surrounded by 
a linear pearly gray mass generally about 2 mm in thickness, this latter mass, 
although sharply outlined from the central necrosis, is not sharply defined from the 
liver substance and shows a tendency to diffuse itself through the liver substance 
following in a general way the lines of the capsule of Glisson In some places 
suggestions of liver structure are still found within the central necrotic masses 
and some of these also show small areas of hemorrhage The unmvolved livei 
tissue IS very small in amount and shows well-marked central congestion and 
greenish-yellow discoloration of the peripheral zone 

The other organs correspond in appearance to the gross anatomic diagnosis 
Primary nodular carcinoma of liver with metastases to lungs, pleurie, pancreas, 
left kidney, retroperitoneal lymph-nodes, congestion and edema of lungs, ascites 
(4 liters) , anemic infarcts of spleen and kidneys, acute vegetative mitral and 
aortic valvulitis, chronic interstitial nephritis, arteriosclerosis 

Microscopically the description of the liver is the composite of five slides 
Capsule thickened by an overgrowth of dense fibrous tissue The capsule of 
Glisson shows well-marked fibrous tissue overgrowth and some lymphocytic infil- 
tration The veins are moderately congested and the arteries show slight thicken- 
ing of their walls In numerous places where there is especially^ marked over- 
growth of the fibrous tissue an epithelial proliferation is noted The epithelial 
cells are columnar type and are arranged in the form of irregular tubular or 
acinous masses, either solitary or continuing to form large infiltrating areas 
In one slide the cells correspond very closely to those of the bile ducts, being Iom 
columnar, only moderately acidophilic, and with relatively small, circular, sligli y 
vesicular nuclei In studying the sections considerable variation is noted in the 
character of the epithelial cells of the proliferating masses, those showing most 
marked change being of high columnar type, with suggestions of cilia, faintly 
stained protoplasm and vacuoles which, although usually small and poorly define , 
contain a finely granular basically stained substance evidently mucinous in 
nature Much of the epithelium of this type is mounted on thin villous strips of 
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connective tissue In tlie places where the cells present a less markedly columnar 
element there can he found occasional figures, which present the same type of 
pioliferation as that seen in the coceidiosis of the rabbit’s liver — 
a surrounding band of connective tissue and a distinct villous proliferation of 
the lining epithelium The tumor as a whole shows few karyokinetie figures 
The lumina of the acini are more or less filled with slightly acidophilic granular 
material and fragments of nuclei, in some instances also complete desquamation 
of the cells, the supporting connective tissue is scanty Evidences of infiltration 
are numerous Piling up of cells along the walls of the acini and definite pene- 
tration of the basement membrane are seen commonly Penetration of the mass 
through the liver substance replacing connective tissue and substituting itself 
for parenchymal tissue is a common featuie Necrosis is found in several sec- 
tions, apparently as a central change, the necrosing areas being surrounded by 
proliferating epithelial tissue Small areas showing neoplastic thrombosis of the 
perilobular veins are observed but they are relatively infiequent 

The lobules not involved by the cancer show swelling of the parenchymal cells, 
obliteration of outline, obscuration of the nuclei and protoplasmic granularity 
The nuclei are vesicular but variable m size, some being much enlarged and 
showing increased chromatin content Many of the central lobular cells show 
minute vacuolization, associated with slight nuclear pyknosis and some hemo- 
siderin pigmentation Fibrosis about the central vein can be seen but no con- 
gestion IS noted 

Other organs were examined microscopically and the diagnosis is as follows 
Primary adenocarcinoma of livei with neoplastic thrombosis of veins, passive 
congestion, edema, tumor metastases of lung, slight chronic interstitial myocar- 
ditis and infarct of papillary muscle, chronic fibrous splenitis and perisplenitis, 
anemic infarct of spleen, subacute parenchymatous nephritis, anemic infarct, 
tumor metastases, slight vacuolation and chromafiine increase in adrenals, tumor 
metastases of lymph-node 

To summarize, this tumor appeared m a man 49 years of age Clin- 
ically there is a histoiy of lead-poisonmg (lead worker), short duration 
of illness, ascites, enlarged liver, abdominal pain (possibly lead colic) 
but no jaundice Pathologically the tumor is of the nodular type with 
very little cirihosis, histologically adenomatous, with slight neoplastic 
thrombosis and wide-spread metastases outside the liver 

Case 3“ — E%story — ^The patient, E F (No 2,128), was a girl aged 11, white, 
Section was submitted to the laboratory through the State Department of Health 
by Dr H Y Pennell, of East Downingtown, Pa Dr Pennell in a letter gave 
the following history, which has been abstracted The patient was of exception- 
ally robust stock, the history being otherwise negative She had always been 
strong and healthy except for an attack of pneumonia eight years ago 

Present Illness — This began early last summer The patient consulted a 
physician in June, 1907, and following months for jaundice This (jaundice), 
with loss of energy and disinclination to work oi play oi walk far, was he 
chief symptom, until within the last two or three months It was recen y 
noticed that she had become unnaturally stout and so weak that she could wi i 
difficulty go upstairs She complained of no pain excepting over the heart on 
exertion ' 

Physical Examination — This showed cachectic pallor, moderate jaundice, 
ascites, distention of abdominal veins, hypertrophied heart, dyspnea, anasarca 
The temperature ranged betiveen 99 F and 103 F , pulse about 130, respira ion 

11 This case was used by me in a paper on Carcinoma in Early Life, 

York Med Jour, 1909, xc, 1109 
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about 34 Feces weie pale, urine negative for albumin and sugar Blood exami- 
nation failed to show leukocytes Constant systolic apical cardiac murmur 
Eecropsy This was limited to the abdomen, and was performed by Dr 
Pennell, whose notes are abstracted “On opening the median line of the abdomen 
the first thing met was the enlarged spleen, about the size of a normal liver, 
very dark and uniform in color, soft and smooth The liver was next inves- 

tigated and found to be of a brownish yellow color, a little smaller than normal, 
veiy hard, and containing on the surface and within the substance innumerable 
tumors, of size from those just visible to that of a walnut The larger ones showing 
radiations from umbilicated centeis It was a portion of one of these sent for 
examination The gall-bladdei was empty, normal in size, but almost pure white 
in color The stomach and bowels, as also both kidneys and pancreas, appeared 
to be normal Theie was no tumor in the pelvis I regret not having examined 
the heart and mediastinum, but was convinced at the time that we had the 
primary seat of trouble in the liver” 

Histologically, the section of liver showed the peiilobular connective tissue 
much increased and the seat of numerous fibroblastic and other early cellular 
elements indicating the progressive character of the cirrhotic feature of the case 
All through this tissue were foimd small biliary tubules, and scattered in the 
structure were small, isolated groups of hepatic cells which had been cut off 
from the lobules by the invading connective tissue In addition theie were 
scattered numeious smaller epithelial cells of the type of the bile ducts, both 
as isolated cells and in moie or less broken columns The fibrous tissue pene- 
trated to some extent into the hepatic lobules, but in very irregular manner and 
degree 

The hepatic tissue showed a vaiiable state, at places (generally rather 
towaid the periphery than center ot the lobule) it was definitely necrotic or 
showed fatty degeneration Much showed a minor grade of fatty infiltration, 
and much was practically unchanged No pigmentary deposits were noted, either 
in the liver cells or in the perilobular tissue 

The general appearance was that of an adenocaicinoma, apparently quite 
diffuse, and accompanied by a progressive cirihosis 
The spleen showed congestion and edema 

To summarize, this tumor appeared in a girl aged 11, whose history 
IS negative She showed a short duration of disease, jaundice, ascites, 
edema clinically, and a nodular adenocarcinoma of the liver with cirrho- 
sis but without venous involvement or apparent metastasis 

Case A— History— F W, a white man, aged 53, an American, was a ^tient 
in the Philadelphia General Hospital (No 2,518), on the service of Dr Henry 
The clinical notes are abstracted as follows 

The chief complaint is pain and tenderness in the epigastrium ^ 

history is negative The patient had the usual diseases of childhood, he use 
tobacco excessively, never used alcohol to excess The present illness began 
pain and tenderness in epigastrium two months before admission The pa len 
had hemoptysis occasionally 

Physical Examination — ^This shows slight jaundice of upper part of body, 
dilated veins of chest, nodular enlargement of liver, ascites, splenic enlargemen , 

edema of feet - , 

Blood Hemoglobin 70 per cent , erythrocytes, 3,560,000, leukocytes, 8,800, oi 
which polymorphonuclears formed 67 per cent , small lymphocj tes 26 per cen , 
large lymphocytes 1 per cent, eosinophils, 4 per cent, basophils, per cen 
Urine Acid, specific gravity 1,026, shous erythrocytes and epithelial ceils, 
negative for albumin and sugar 

Stools negative for occult blood 
The patient died of erysipelas 
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Neciopsy — Tins was peifoiiued by me thiitysiv houis aftei death, the notes 
being abstracted as follows Livei weighs 2,700 gm , measures 31 bj 18 by 9 
cm , surface markedly ii regular and nodular, deeply blood-stained and markedly 
adherent to the omentum, which is folded over the surface of the livei Through 
the capsule many of the nodules have a yellow appearance and others show a 
dark red color, none show umbilication Oigan cuts with increased resistance 
and in the right lobe it measuies only 12 cm in coionaiy diameter, shows a well- 
marked atrophrc cirrhosrs, there being present a dense network of fibrous tissue 
in whose meshes are circular masses of slightly proiecting greenish brown livei 
substance The left lobe is enoimously enlarged in all its diameteis and shows 
little remaining liver tissue Ci oss-seetion shows necrotic nodules varying from 
a diameter of 1 mm up to 5 cm , the edges aie not sharply outlined and tend 
to fuse with irregular barrds of connective tissue about them These nodules, 
which show red through the capsule, appear to be made up of a small network 
of distended vessels 

The other organs showed the appearances indiQated in the gross anatomical 
diagnosis Chionic adhesive pleuiisy, passive congestion and edema, tumoi 
metastases, of lung, cloudy swelling of myocardium, sclerotic mitial and aortic 
\alves, primary cancer, with atrophic cirrhosis of livei , acute splenic tumor and 
chronic fibrous perisplenitis, arteriosclerotic chionic interstitial nephritis, 
chronic ati opine gastritis, congestion of gastro-mtestinal tiact, ascites, arterio- 
sclerosis, tumor metastases to mediastinal, retiopeiitoneal and mesenteric lymph- 
nodes 

Microscopically seveial sections of Irvei were eKamined Ihe outer capsule 
and perilobular connective tissue are considerably over gi own and show slight 
infiltration rvith lymphocytes The overgrowth is so marked that the acini of 
the liver appear as small isolated masses scattered irregiilaily throughout The 
liver-eells show cloudy swelling and in the center of the lobule considerable 
atiophy The central veins are moderately congested Marked bile duct piolif 
eiation is evident throughout The veins of the perilobular tissue aie consider- 
ably congested and shorv frequent neoplastic thrombosis 

The tumor is made up of low columnar and ii regular cells appro\imating the 
si^e of those of the bile ducts, and the staining reactions of the protoplasm aie 
closely similai The nuclei aie small, vesicular and veiy like those of the bile- 
ducts Mitotic figures are very infrequent Tor the most pait these cells aie 
arranged in fairly large nests with ramifications into the surrounding tissue 
in the foim of small finger -like projections The cells in the margins of these 
masses are well pieserved, but theie is very evident cential neciosis and fiequent 
micioscopic hemorrhage into these necrotic areas The invasion of the veins 
IS very well marked, the vessels being completely occluded by the thrombotic 
masses and showing some stretching of the musculai and elastic tissues of their 
walls Connection between the laigei masses and the proliferated bile duets is 
not very clear but transition stages can be demonstrated with gieat facility 
The finer grouping of the cells of the largei masses is not clearly adenomatous 
because of the fact that, although the cells are arranged in little circles, yet 
distinct lumina aie infrequent Howevei, the grouping of the cells and their 
apparent connection with, and close similarity to, the pioliferated bile-ducts 
seems to justify the diagnosis of tubular adenocarcinoma 

Sections of othei organs were made, the microscopic diagnosis being Primary 
adenocai cinoma of liver with marked sclerosis and neoplastic thrombosis, metas- 
tasis to diaphragm, lungs, lymph nodes (mediastinal), passive congestion, edema 
of lungs, leukoplakia of tongue, chiomc interstitial splenitis, paiicieatitis, 
nephritis, fibrosis and chiomafRn inciease in adrenals 

To summarize, this tumoi appealed in a man 53 yeais oi age The 
history shows excessive use of tobacco, shoit duration of illness ascites, 
hemoptysis (?), dilated veins ot chest, nodular enlargement of livei 
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splenic enlaigement, ascites, edema of feet and slight jaundice Patho- 
logically, the tumoi is notable for its maiked fibiosis associated with 
general cirrhosis elsewhere The tumor is nodular in type, glandiilai 
microscopically, shows neoplastic thrombosis, moderately rich metastasis 
and associated splenic tumoi 

Case 5 History The patient, J K, a white man, aged 52, Ameiican, wis 
in the service of Dr Stengel in the Pennsylvania Hospital (No 1,154) Tlie 
lecoids and specimens were fuinished me by Dr Longcope A brief ’abstract of 
the clinical history follows The chief complaint is pain in abdomen Past his- 
tory IS negative, e\cept foi alcoholism 

Present Illness —Symptoms began four months ago with cramp like pains in 
abdomen Three weeks ago the patient became jaundiced and began to vomit, 
he had constipation and claycoloied stools, there was no blood in stools oi’ 
vomitus The abdomen increased lapidly in size Eecently the leo-s weie 
edematous ° 

Physical Examination — The patient is emaciated and jaundiced, with coated 
tongue, no enlaigement of lymph-nodes Temperature is subnormal, pulse and 
lespiration normal, lungs and heart negative Abdomen shows constriction at 
costal margin, prominent wave present, no movable dulness, veins engorged about 
flanks Liver is 3 cm below costal margin in nipple line The spleen is negative 
The mine is deep brown, floccular sediment, acid, no albumin or sugar 

On the day before death an exploiatory laparotomy by Dr Hutchinson was 
followed by the escape of 6 or 8 pints of clear yellow fluid The gall-bladder 
found to be distended but not inflamed and fiee from stones There were four 
01 five hard lumps about the common duct which on incision seemed to be 
involved glands Over the dome of the liver nodules were found The head of 
the panel eas and pylorus weie free There were a few adhesions between the 
gall bladder and intestines The patient died shortly after this and the necropsy 
was performed through the operative incision by Dr E B Nrumbhaar, twenty 
hours after death His notes are abstracted as follows 

Necropsy — The abdomen contained 500 c c of thick bloody fluid The general 
description of the abdominal cavity corresponds to that found at operation 
The liver weighs 1,530 gm , measuies 25 by 19 by 9 cm It is of normal shape 
and consistence and an olive green color in which bright sti eaks of reddish pur 
pie are visible The capsule is not thickened, but occasionally light yellow circum- 
scribed spots are visible over the surface These areas have a definite outline, 
are sometimes irregularly circular, sometimes elliptical and sometimes verj 
irregular They feel somewhat softer than the surrounding tissue and are very 
slightly depressed The cut surface of the liver shows fairly distinct lobular 
markings with yellowish-green peripheral zones and olive green central zones 
The areas described on the surface are found to extend several millimeters into 
the liver tissue On the surface there are also found bright reddish purple 
streaks which in the cut section are seen to extend diagonally deep into the liver 
tissue like veins in marble At the junction of the two lobes a striking picture 
IS presented of dilated bile stained veins surrounded by yellowish margins 
which quite replace the normal livei tissue These masses in places are quite 
hard and film and m othei places comparatively soft They gradually infiltrate 
the liver structure and occasionally greenish islands can be seen isolated in the 
vellowish mass On dissecting out the common duct it is found to be patulous, 
though at one place it show's a ragged wall connecting it with the green stained 
connective tissue mass The cystic duct is patulous and bile readily fiows from 
the gall bladder to the duodenum The hepatic duct, however, shortly before its 
junction with the cystic duct is found to be invaded by the yellowish growth before 
described, so that it is impossible to pass a probe any distance into the Iner 
The lymph-nodes at the hilum of the Iner are enlarged and made up of resist iiit 
elastic yellowish tissue 
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The desciiption of the vaiioue organs coi responds to the gross anatomical 
diagnosis Primary tumoi of liver causing obstruction of hepatic duct and 
hepatic veins, general icteius and emaciation, multiple infarcts (?) of liver, 
metastases of tumor to pleura and mesentery and retroperitoneal lymph-nodes, 
congestion, edema and paitial atelectasis of light lung and intestinal peritoneum, 
cloudy swelling of kidneys, chronic cholecystitis, healed tuberculosis of lungs 

Microscopically, sections fiom the liver taken lylieie the tumor involvement 
IS not especially maiked show an outer capsule of normal thickness, and a peri- 
lobular capsule which is distinctly overgrown The tissue is loosely arranged 
and with the Weigert stain shows a moderately iich elastica The blood-vessels 
show little change except for the presence of well-marked venous stasis and an 
occasional venous thrombus ISTone of the thiombi show the presence of tumor 
elements The bile-ducts aie definitely increased in number and occasionally 
show clubbing at their ends oi other irregulaiities to suggest beginning atypical 
pioliieiation The cells of the parenchyma show advanced cloudy swelling 
thioughout and in addition those placed centially in the lobules are distinctly 
atiophic, more markedly degenerate and in places distinctly neciotic The central 
vein IS congested, and with the Malloiy connective tissue stain peiivenous fibrosis 
running out between the necrotic cells is very well marked 

The sections taken fiom tumoi piopei show small areas where the picture is 
the same as that deseiibed above, but the greater part of these sections show 
dense conneeti\e tissue masses containing a few smooth muscle bands and richly 
infiltrated with au epithelial overgiowth showing itself in the form of small 
acini which sometimes aie lined by columnar cells like those of the bile-ducts, 
sometimes by laigei cuboidal cells with relatively large vesicular nuclei and 
occasionally seen as niegulai masses of iriegulaily hexagonal cells showing no 
lumen whatever In some fields masses of this sort appear as terminal bulbs 
attached to the smaller tubular acini Mitotic figures are fairly numerous The 
lumina of many of the acini are filled with a finely granular faintly basophilic 
material, evidently mucin The entire mass, both epithelium and connective tissue, 
appears to substitute itself for liver tissue, the parenchymatous cells undergoing 
more or less marked necrosis in the neighborhood of the advancing giowth 
Areas are found with changes intermediate between the moderate bile duct pro- 
liberation of the first section and the distinctly malignant growth of the second 
section and from this point of view it would appear that the growth is from the 
bile-ducts In other places there appears to be direct transformation from 
parenchymatous cells into cancer cells, but this appearance might easily be the 
result of the invasion of the tumoi mass Venous thrombosis is present in these 
sections but no cancer -cells are observed in the thiombi Granules of bile-pigment 
are observed in the liver lobules in all sections but no evidence of it is seen in the 
tumor 

Sections from other viscera were examined and the microscopic diagnosis in 
full reads Brown atiophy of myocardium and fibrosis of the mural endocar- 
dium, congestion and caseous tuberculosis of lungs, primary adenocarcinoma of 
liver with metastases to pleura, peritoneum, mesentery, retroperitoneum, pan- 
creas, adrenal and lymph-nodes, moderate perilobular cirrhosis, cloudy swelling, 
biliary pigmentation and passive congestion of livei , cloudy swelling of kidney 


To stimmarize, this case is one of primary adenocarcinoma of the liver 
probably originating in the finer bile-diicts, in a man aged 40 Clinically 
the course was short, there was a history of alcoholism, icterus, ascites, 
and edema of the legs were present Pathologically, the features were 
the presence of the primary growth associated with cirrhosis and fairly 
wide-spread metastases 


Case 6 — Histoty — M X, 
vania Hospital, in the seivice 


Chinaman, aged 56, was a patient m the Pennsyl- 
of Dr Xewlm (Xo 1,137) The autopsy was per- 
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formed by Dr Longcope, who furnished me with the specimens and records An 
abstract of the clinical history follows 

07 diarrhea and fulness in the abdomen Temperature, 

respiration, 24, on admission The patient has never been sick 
more than a day or two at a time until the present illness, has lost weight grad- 
ually for ten years, smokes opium ° ° 


Present IZJness— The patient has been sick two months, the abdomen has 
been swollen three weeks The patient has had pain in hypochondrmm two weeks 
His appetite is poor 

Physical Examination —The patient is emaciated, jaundiced, marked arcus 
senilis, tongue dry, coated Abdomen distended and contains fluid Liver and 
spleen not palpable Slight edema of feet and ankles 

Urine Clear, deep amber, acid, 2 031, no sugar, trace of albumin, contains 
bile, cylindroids 

Blood Hemoglobin, 75 per cent , leukocytes 11,200, red blood cells, 4,340,000 

Stools show occult blood 

The patient became delirious before he died 

Necropsy ^The abstract of the notes is as follows Gall-bladder contains more 
than 100 c c of dark greenish-brown bile, its wall is thin and the mucous mem- 
biane is grayish in color Cystic duct is patulous Hepatic duct is slightly 
dilated as it enters the liver and its course cannot be followed very far Both 
duets contain a small amount of soft reddish gray material 
Mesenteric veins aie blocked by the same material 

Liver weighs 1,850 gm , measures 30 by 16 by 9 cm , it is dark grayish yellow 
in color mottled by yellowish white to dark green elevated areas measuring from 
a pin head to 1 cm in diameter Elevations are numerous and very irregular in 
shape and distribution, the yellowish white elevations are more numerous in the 
left lobe and the greenish ones in the right These elevations are glistening but 
the tissue separating them is opaque In the right lobe, either anteriorly or pos- 
teriorly, the greenish gray and brownish-red elevations predominate except around 
a cicatricial band of white, hard tissue 12 cm in length, which starts at the 
junction of the lower border of both lobes and goes upward and backward, this 
shows many yellowish-white elevations On section the liver is very flabby, and 
green to yellow in color, lobulation is obscured, but at the upper portion of the 
dome a few greenish-yellow lobules can be seen surrounded by dark broivn inter- 
lobular tissue The livei substance is almost entirely taken up by irregularly 
roimded, soft, dark yellowish-white nodules measuring from 1 to 3 mm These 
nodules are more numerous at and around the hilum, and they are in places small, 
light yellow and in others larger and almost difiluent, whitish yellow with many 
small white dots On pressure one can squeeze out dark brown material mixed 
with light yellow and dark red substance The hepatic veins and artery are 
found free from any suppuration, but the portal vein is blocked for a distance of 
about 10 cm. from its free course, with soft red material striped with yellow 
As the vein enters the liver this material is so adherent to the wall that it 
seems as if it were growing from it From this point on to the finest visible 
branch the vein is blocked with the same material 

The remaining organs correspond in appearance with the gross anatomical 
diagnosis Carcinoma arising in liver, with extension into portal vein, throm- 
bosis of pulmonary artery, ascites, chronic perisplenitis, slight splenic tumor, 
follicular cholecystitis, dilatation of common and cystic bile ducts and gall-blad- 
der, congestion of lungs, arteriosclerosis 

ilicroscopically, several slides were studied and the report is a composite one 
The outer capsule is considerably thickened and the perilobular connective tissue 
markedly increased The interacinous bile ducts are moderately increased in 
number but not so much so as would be expected for the grade of cirrhosis The 
veins are much congested and in many cases filled with neoplastic thrombi The 
cells of the parenchyma show advanced cloudy swelling and central atrophy, but 
the most striking change m them is a wide spread necrosis which appears in both 
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penplieial and central positions and is too extensive to be looked upon as the 
usual expression of focal necrosis The central veins are markedly congested but 
show little fibrosis Throughout the lobules but most noticeable in their periphery 
aie enormous numbers of amorphous dark green pigment masses, very clearly 
defining the intralobular bile capillaries in the unstained specimens The tumor 
masses are distributed irregularly and profusely throughout the sections, often 
more or less limited to the perilobular structures, again penetrating clearly within 
the acini The cells are of irregular outline and variable size but generally 
somewhat larger than the liver cells They aie arranged in clumps which are 
quite free from connective tissue (with Mallory stain) and show no attempt at 
gland foimation The protoplasm is rich and vacuolated as if by fat globules 
The nuclei are large, oval, vesicular and show frequent mitoses Here and there 
large protoplasmic masses are found containing multiple nuclei In masses 
quite free from veins, fairly large areas of hemoirhage are found No transitional 
connection between liver parenchyma and new growth can be demonstrated The 
large number of neoplastic thrombi in the perilobular veins is a striking feature 
Sometimes the thrombi appear to dilate the veins In other cases the veins are 
not dilated very maikedly but are completely occluded by the tumor cells A 
few of these neoplastic masses are in perivascular situations and would seem to 
be lymph spaces rather than veins In some of the largei veins much of the 
elastica has been destroyed by the tumor growth 

Microscopical examination of the other viscera was made and no metastases 
noted ^Microscopical diagnosis Carcinoma solidum of livei with extension 
into portal vein, passive congestion, necrosis, biliary pigmentation of livei, con- 
gestion and follicular hyperplasia of spleen, chronic diffuse nephritis 


To summaiize, this is a case of primary carcinoma of liver of solid 
form, occurring in a Chinaman 56 years of age Clinically there is a 
histoiy of opmm-smokmg, short duiation of illness, emaciation, jaundice, 
ascites and slight edema of feet and ankles Pathologically there is the 
tumoi with poital vein thrombosis, no metastasis, slight splenic tumor, 
and the thrombosis of the pulmonary artery which appears not to have 
been neoplastic Hemorrhage is noted in tumor areas but is very slight 
It IS significant, however, in that in one case at least, that of Ewing,^- it 
was seveie enough to have been the cause of death 


Case 7 — Eistojy — L F , an Italian, aged 34, was a patient in the Pennsyl- 
vania Hospital (1,152), on the service of Di Tyson The records and speci- 
mens were furnished me by Dr Longcope An abstract of the history follows 
Chief complaint, jaundice, abdominal pain and fulness The family history is 
negative The patient is a steady drinker, smokes to excess, good appetite, bowels 
legulai 

Physical Examination — Well nourished, skin quite yellow, skin of flanks 
scaried in linear striae as if by distention No marked prominence of abdomma 
veins Tongue coated, teeth good Thorax, lungs and heart negative Abdomen 
tense, dome-like tympanitis in upper part, movable dulness in flanks Sp een no 
palpable, no tension noi rigidity Liver, sixth rib to costal margin 

Urine cloudy, brown, 1018, acid, faint trace of albumin, much bile, te 

hyaline and granular casts , , , oq nonf 

Blood hemoglobin 87 per cent , leukocytes, 11,300, of which 
were polymorphonuclears , 3 per cent small, and 4 per cen arge y P . » 

4 pel cent eosinophils, 1 per cent basophils pnncjfin-ition 

Jaundice inci eased, as did the emaciation Patient develop P 

and anorexia 

12 Ewin- Proc New York Path Soc , 1906, new series, vi, 16S 
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Cytolytic examination of the fluid 
mononuclear cells 


in the abdominal cavity showed many large 


iV'eci opsi/ — This was peifoimed by Dr Longcope nine hours after death, whose 
notes are abstracted as follows Liver measures 27 by 19 by 10 cm , weighs 
1,800 gm It is of a deep green color and presents a lough, luegular, hobnailed 
appearance In several places on the surface the hobnails stand out, bein» brmht 
gieen oi pp,le yellow in color These yellow nodules are scattered and not 
numerous On section the cut surface shows a coarse, bright green, irregular 
lobulation Here and there the same grayish or pale yellow lobules take the 
place of the green lobules Over one area about 5 cm in diameter theie are 
several raised, veiy sort blight yellow lounded nodules showing some centrally 
placed radiating red strue When cut they show soft pus-like centers in an 
irregular cavity There are various openings in the cavity which can be traced 
directly into the mam hepatic duet and when the puiiform material is removed 
the wall of the cavity is found to be lined with a well-defined white membrane 
At some distance from the central mass there are small soft raised yellow masses 
which connect directly with the main cavity When the portal vein is opened it 
is found to be filled with a tumor-like mass about 5 cm across This is situated 
at a point where the vein divides and completely occludes and distends it The 
mass IS soft, friable, orange-yellow streaked with red and firmly adherent to the 
wall of the vein It extends for some distance down the branch running to the 
left lobe where it becomes soft and of the same nature as the tumois filling the 
bile ducts and cavity in the liver The same condition is seen in the mam poi tal 
vein, where the tumor gradually tapers down to a red clot which paitially fills 
the vessel and does not extend as far as the entiance of the splenic and supeiior 
mesenteric veins No connection can be found between the main branches of 
the portal vein and the bile ducts or the large softened areas in the livei 

The other organs correspond in appearance with the gioss anatomical diag- 
noses Atrophic cirrhosis of liver, tumor arising at hilum and involving and 
occluding the portal vein and hepatic duct and its branches, splenic tumor, 
ascites ( 2,600 o c ) , suhserous hemorrhages of stomach, intestines and pericar 
dium, hemorrhage from mucous membrane of colon, general icterus, acute sero- 
purulent pericarditis, congestion and partial atelectasis of lungs, congestion and 
jaundice of kidneys with chronic diffuse nephritis, chronic intestitial pancreatitis 
with fat necrosis 

ilicroscopically, several specimens of liver weie examined, the notes making 
a composite picture The outer capsule is fibrosed and the perilobular fibrous 
tissue IS overgrown and richly infiltrated with lymphocytes and a few leukocytes 
The blood-vessels are congested and several of the veins show neoplastic thrombi 
The bile ducts are enormously increased in number and appear both in interlobular 
and intralobular position When in intralobular positions they are accompanied 
by an overgrown connective tissue mass, quite free from elastica These ducts 
often show terminal clubbing, the cells in the clubbed aiea being identical in 
morphology with liver cells but not containing bile pigment The liver lobules are 
11 regular in outline and often much diminished in size The cells of the paren- 
chyma show well marked cloudy swelling and in the center of the lobule are 
atrophic The finer bile canaliculi are choked with amorphous dark green bi e- 
pigment throughout Many extensive areas of necrosed liver cells are obaerve 
The tumor masses are scattered irregularly over the field and usually show as 
fairly well defined areas somewhat larger than a liver lohule made 
irregular cells about the size of a liver cell and with identical tinctorial charac- 
ters The protoplasm in many shows fine vacuoles similar to the fat vacuoles ot 
liver cells Mitotic figures are not frequent and nuclear fragmentation is com- 
mon These areas show central necrosis and often are infiltrated rather ric i y 
with polymorphonuclear leukocytes Extension into the veins is fairly common, 
in most cases the vessels being completely occluded and slightly disten cd y e 
bohd tumor masses In no place where the tumor is definitely malignant can 
any attempt at gland formation be made out Invasion of the sheat i or one 
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the smallei neive-trunks is obseived but is not extensive This is a featuie that 
has been desciibed as being pioniinent in a case repoited by Conti * No connection 
can be observed at any point between livei tissue and tumor or the prolifeiated 
bile ducts and tumor The giowdh in the portal vein is like the main tumoi 
mass The cells aie attached to the wall of the vein, which latter is partly 
distended 

Othei oigans were examined micioscopically, the diagnosis including Car- 
cmoma solidum, atiophic ciiihosis, necrosis, neoplastic thrombosis of liver, 
hemorrhages in peiicardium, duodenum and gall-bladder, chronic inteistitial pan- 
el eatitis with fat neciosis 

To summarize, this case is one occuriing in a man 34 years of age 
Clinically he has a histoi}’’ of alcoholism, shows emaciation, icteius and 
ascites Pathologically the livei tumor appealed as if it might have 
started from the largei bile-ducts, but histologically it is a cancer whose 
cells so closely resemble those of the liver that they must be responsible 
for its origin There is ciiihosis and venous thrombosis but no evidence 
of metastases outside the livei 


Case 8 — Eistoiy — I, a Russian boy, aged 8, was a patient in the Penn- 
sylvania Hospital (1,295), on the service of Di Mitchell The specimens and 
records w'ere furnished me by Di Longcope A brief abstract of the clinical 
history follows Chief complaint, abdominal pain Patient’s mother says the 
boy has been sick about a week but Avas taken acutely ill about two nights before 
admission with severe abdominal pain accompanied by vomiting and pain on the 
right side He had also been having a cough with yellowish thick expectoration, 
headache, pain all over, fever for tivo days, loose stools, no chills, no convulsions 
Physical Examination — Pairly Avell-nourished boy, tongue heavily coated 
Lymph-nodes not palpable Lungs show a few scattered bronchial rales Heart, 
rapid, pulse weak, fairly loud systolic muimur heard best at apex Abdomen 
distinctly tender in lower right quadrant, slightly rigid, no mass palpable 
Extremities are negative Examination of blood in receiving ward shows 35,090 


leukocytes 

Operation was performed on admission after Avhich the patient grew steadily 
weaker and died Urine, after ether, acid, 1 010, trace of albumin, many granulai 
and hyaline casts, epithelial cells, leukocytes 

’Necropsy — ^This Avas limited to the abdomen and was performed by Dr Draper, 
Avhose notes are abstracted as folloAVS Livei, about normal m size, measures 
18 by 12 by 6 cm , is filled AVith nodular masses of varying sizes, the largest 
being half the size of a lemon The capsule of the organ is smooth and glistening 
Surface only slightly irregular The color of the organ is purplish broAvn mot- 
tled Avith pale yellowish areas where the large masses shine through, these repre- 
sent the sections of tumor masses The liver tissue itself exists as narrow strand 
like masses between the tumors It is pale purple in color mottled with yellow 
The markings are not recognizable The tumors themselves are yellow, sharp y 
defined and firmer than the liver tissue They have a tendency to bulge above 

the cut surface j ^ n ^ 

The other viscera show congestion and there is splenic tumor and follicular 
hyperplasia The gross diagnosis of the liver was multiple adenoma 
Microscopically several sections of the liver were studied The 
of the liver is moderately overgrown and the perilobular connective i 
shows well-marked fibrosis The blood-vessels are “^o<i"^^tely congested and 
there is extensive neoplastic thiombosis of the perilobular veins intb 

number of bile ducts between the acini is noted but is ^j^feentrat 

peripheral cells of the lobules show marked cloudy swelling, chan-es 

Llls show well marked a acuolation from the presence of fat The nuclear ePan^e 
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^ 1 notable, there being enlargement and increase m the num- 

ber of nucleoli in the peripheral cells, and diminution in size, fading and per- 
ipheral grouping of the chromatin in many of the central cells The central vein 
IS moderately congested The larger tumor masses are surrounded by fairly 
dense connective tissue masses free from smooth muscle and very poorly supplied 
with elastica The masses are solid peripherally and necrotic centrally, but show 
no areas of hemorrhage The cells are large and irregular in outline, grouped in 
masses without fibrillar tissue The protoplasm is often the seat of very well- 
marked vaeuolation and a few multinucleated large protoplasmic masses are 
found Mitotic figures are fairly numerous The mass is not limited by its 
fibrous tissue capsule but pushes out in all directions, through vems and lymph- 
spaces, through perilobular and intralobular tissues In the last situation fine 
cords of tumor cells are found in continuity with liver chains but no transitional 
connection is seen The extension m the veins is well demonstrated with the 
Mallory connective tissue stain and by the Weigert elastica stain There are also 
numerous solid fingei-like tumor masses running through the inteilobulai con- 
nective tissues in well defined spaces free from muscle and blood which evidently 
are lymph-spaces 

Slides fiom other tissues were exammed and the histological diagnosis 
includes Carcinoma solidum, fatty degeneration, passive congestion, carcino 
matous thrombosis of liver, congestion and cloudy swelling of kidneys, geneial 
lymphatic hyperplasia, slight post mortem degeneration of adrenals 


To summarize, this ease is one of piimaiy carcinoma of the livei m 
a boy 8 yeais of age Clinically theie weie indefinite gastio-intestmal 
symptoms, pain and tenderness over the liver, leukocytosis, absence of 
icterus and ascites Pathologically the tumoi is a caicinoma solidum, 
grossly of the type often called ^hnultiple adenoma” associated with neo- 
plastic thrombosis of veins but without metastases other than local, unless 
there were metastases in the imexamined lungs 


Case 9 — History — C B , an Italian man, aged 40 years, was a patient in 
the Pennsylvania Hospital (304) The specimens and recoids were furnished me 
by Dr Longcope The patient was admitted in October, 1902, and bis clinical his 
tory IS abstracted as follows Patient had seveie attacks of chills and fever foi 
eight days in the previous July and again in August two Aveeks later, Avhen he 
became intensely jaundiced which continued up to the time of admission Dur 
ing the past four weeks patient has had a dull aching in the hepatic legion about 
the costal margin, no vomiting, stools clay colored 

Exaimnatton — On admission patient was intensely jaundiced Liver extended 
5 01 6 fingers’ breadths below the costal margin, felt hard, smooth and legulai 
Gall-bladder was not palpable, the entire hepatic area vague m outline and patient 
had a constant dragging pain, relieved by lying on the right side 

Pam in hepatic area increased durmg the patient’s stay m hospital a 
bladder was drained September 29, but patient died October 3 

Neoiopsy — ^This ivas performed by Dr Plexner, four hours after death His 
notes at the time are abstracted as follows Liver weighs 2,400 gm , measuies 
21 by 21 by 13 cm It is fairly large, and of exceedingly firm consistence, it la 
of a brilliant green color, mottled finely with irregular yellow and black marKings 
The surface is slightly irregular but not lohulated and smooth with the cxcep loi 
of a feiv fresh adhesions to the gallbladder region Near the loner 
the right lobe thexe is a yellow depressed scar, irregular, but in general ‘^bout J 
by 2 cm m diameter It lies about 1 cm below the general surface and the 
margins are composed of liver tissue, rounded and contracted ^ 

more such yellow depressed scars are found over the surface, varjin^ f 
to 2 cm in diameter 
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The gall-bladder is distended and shows a quantity of reddish, semi-liquid 
blood clot The common bile-duct shows a most marked distention, measuring 
4 cm in diameter and 10 cm in length, about it are seveial flattened soft large 
lymph-nodes, there is no constriction of the duet whatever The distention of the 
duct extends into the liver and when the clots are removed a grumous fluid mixed 
with pus pours from the duct within the liver when the organ is pressed 

On section through the liver the surface has the same mottled grass-green and 
yellow aspect as the capsule Lobular markings are obliterated Near the hilum 
the bile-ducts are enormously distended and filled with dark grumous material 
and pus In the middle of the right lobe a yellow irregular, opaque area is cut 
through similar to those on the surface, and in the left lobe another such area 
is found Small yellow opaque disci ete extensions radiate toward the surface of 
the liver, but toward the hilum these areas are covered with soft reddish-green 
necrotic mass Connective tissue is much increased in the hilum and extends 


into the vessels and into the lobules of the organ 

Autopsy showed a small amount of fluid in the abdominal cavity and the 
Various viscera corresponded in description with the gross anatomical diagnosis 
Cirrhosis of liver with multiple adenomata, acute hemorrhagic cholangeitis , dis- 
tention of common bile-duct but no cholecystitis, acute bronchopneumonia, 
chrome interstitial splenitis, chionic diffuse nephritis, general icterus 

The microscopical picture offeied is a composite of several slides The outei 
capsule IS of about normal thickness and the perilobular fibrous tissue is consid- 
erably overgroivn The blood-vessels show well-marked congestion and several 
are distended by neoplastic thrombi, which will be described later The inter- 
lobular bile ducts are markedly increased in number, irregular in outline, often 
appealing as solid cords and with connective tissue appear to be replacing liver 
parenchyma The liver cells show advanced cloudy swelling and toward the 
central vein distinct atrophy The vein is moderately congested All the sections 
show small necrotic areas, less extensive than a lobule, irregularly placed, sharply 
outlined and containing compound granule cells whose nuclei have disappeared, 
evidently necrotic liver-cells Hemosiderin pigmentation and bile pigmentation 
of the liver cells are observed, the former especially in the neighborhood of the 
necrotic areas In one slide an area 5 mm in diameter is made up almost entirely 
of irregularly arranged fibrous tissue, rich in fibrillie and poor in nuclei An 
interesting feature of this mass is that, with the Weigert elastica stain, it is 


almost black About its margin the number of small bile-ducts is very great 
Several fairly large bile-ducts are included in the sections and these are filled 
with blood and the blood apparently has extended into the smaller ducts, for in 
the immediate neighborhood several small duets whose morphology is typically 
that of the “proliferated” ducts there is also much blood The tumor itself is 
of the solid type, showing as masses of epithelial cells irregularly grouped together 
in fairly large clumps surrounded by a connective tissue mass but distinctly infil- 
tiating it The cells vary from columnar and cuboidal cells to large irregulai 
cells, and in some places large multinucleated protoplasmic masses are found 
The cell nuclei are large, vesicular and generally oval in shape, and numerous 
mitoses are found No connection with preexisting liver tissue is found Several 
large veins are included in the sections With the special stains they show a 
small amount of smooth muscle and several bands of elastica They are almos 
filled with a thrombotic mass, which toward the vessel wall is solidly made up of 
cells like those found in the tumor masses, but which centrally becomes more and 
more mixed with clotted blood The lumina are small but not comp e e y 
occluded in any case In spite of this extensive thrombosis no metastases were 
observed other than those seen in the liver itself 

Sections of other tissues were studied and the histologic dia^oses are 
interstitial splenitfs, chronic diffuse nephritis, carcinoma solidum, cirrhosis ana 


focal necrosis of liver 


To summarize, this case appeared in a man, aged 40 years Clinically 
the case was of short duration, showed icterus, slight aseites an pa 
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m the liver region Patliologically the tumoi was giossly of the type 
often called ^'mnltiple adenoma,” showed local metastases, neoplastic 
thiombosis, cirihosis, bile duct proliferation and focal necrosis 

In reference to the preceding two cases it must be said that the teim 
multiple adenoma has a significance in connection with diseases of the 
liver that it does not have in other connections Von Griesinger/® Eind- 
fleisch^^ and Eberth^^ took the view that it is a distinct pathologic entity 
Among the first to combat this view was Gilbeit/® and of the more lecent 
writers taking this position aie Cloin,^^ Muir^® and Alezais and Cors^ 
Masterly, however, is the summing up by Marckwald,-® who states in no 
uncertain terms that this tumor is a cancer Eurthei, he states that the 
more or less definite fibrous capsules around the tumor masses are made 


TABLE OF NINE CASES OP PBIUABY 


Case, Age 
and Sex 

Nature of Cancer 

Origin 

Cirrhosis 

Changes in the LIvei 




Cells 

Bile Ducts 


1— 40— P 

Adenoeaicinoma of the 

Smallei 

Present 

Cuboidal and low colum 

Proliferated , 



massive foim 

bile ducts 


nai , mitoses common 

Intel acinous 


2 — 49— M 

Adenoeaicinoma of the 

Smaller 

Very 

Low columnar , mitoses 
infiequent 

1 Proliferated , 



nodulai form 

bile ducts 

slight 

inteiacinous 


3— 11— P 

Adenocarcinoma of the 

Smaller 

Present 

Low columnar , no 

Proliferated , 


nodular foim 

bile-ducts 


mitoses , neciosis 

Interaclnous 


4— 53— M 

Adenocarcinoma of nod 

Smaller 

Marked 

Low columnar , mitoses 

Proliferated , 


1 

ular form , shows solid 
masses also, histo- 
JoglcaJly 

Adenocarcinoma of the 

bile ducts 



Interaclnous 


5_52— M 

Smaller 

Moderate 

Low columnar, often 

Proliferated , 


nodular form 

bile ducts 


showing transition to 

Interaclnous 





hepatic cell forms , 
numerous mitoses , 








necrosis 

Slightly prolifer 


6— 56— M 

Carcinoma solldum of 

Liver cells 

1 Moderate 

Liver cell type , frequent 


nodular form 



mitoses, necrosis 

a ted, interaclnous 


7— 34, - AT 

Carcinoma solidum of 
nodulai form 

Liver cells 

Marked 

Liver cell type , Infre- 

Markedly prolifer- 




quent mitoses, necrosis 

ated , Interaclnous 
and Intra acinous 


8— 8— M 

Carcinoma solidum of 
nodular form, 

Liver cells 

Moderate 

Liver cell type , numei 
ous mitoses 

Slightly prolifer 
ated, Interaclnous 


9— 40— M 

“multiple adenoma” 
Carcinoma solidum of 
nodular form, 

Liver cells 

JXoderate 

Liver cell type , numer 
ous mitoses , focal 

Jfarkedly prolifer 
ated, Interaclnous 



“multiple adenoma” 



necrosis 




up for the most part of newly formed connective tissue, the course is 
relatively short and the condition may be the chief cause of death Eib- 
bert”^ offers a new class of somewhat similar tumoi s which he calls malig- 
nant adenomata of the liver, tumors originating in livei -cells, extending 
through the organ by contmuity in the vessels or through metastasis by 


13 Von Gnesinger Arch f Heilk , 1864, v, 385 

14 Rindfleisch Arch f Heilk , 1864, v, 395 

15 Eberth Virchows Arch f path Anat , ISGS, \lm, 1 

16 Dgngnac et Gilbert Gaz mCd de Pans, 1884, li, 28 

17 Clom Prag mgd Wchnschr, 1901, vxvi, 261^ 

IS Muir- Jour path and Bacteriol , 1908, \ii, 287 

19 Alezais and Corsy Marseille Med, 1908, xi\, 353 

20 Marckwald Virchows Arch f path Anat, 1896, c\liv, 29 

21 Ribbert Deutsch med Wchnschr, 1909, xxx, 1607 
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way of the poital vein and showing the power of bile-production This 
IS a tumoi with functional poweis simulating the function of the cells 
fiom which it originated 

Such classifications, howevei, can only seive to confuse a subject 
already complex and neither the malignant adenoma nor the multiple 
adenoma difier from the ordinary forms of liver cancers sufficiently to 
justify the separate classification This point of view is taken by the 
majority of modern writeis and my study of the subject leads me to 
accept it without further qualification Tor this reason Cases 8 and 9 
have been included in this series 

The accompanying table is modelled after EggeFs table and slightly 
modified The cases are not sufficient in number to permit far-ieachmg 


CARCINOMA OP THE LIVER 



Extra- He pa tic 
Metastases 

Duration 

Etiology 

Jauudlce 

Ascites 

Edema 

Splenic 

Tumoi 

Blood-Vessels 






Slight tumor 
thrombosis , 

Right adienal and 
subhepatlc lymph- 
nodes 

Lungs, pleura, pan 

3 months 

Coffee 

Pieseut 

None 

None 

Piesent 

Slight tumor 

1 week ( ’) 

Lead 

None 

Moderate 

(?) 

None 

thrombosis 

cieas, left kidney, 
retroperitoneal 







No thrombosis 

lymph-nodes 






Marked 

None 

11 months 


Present 

Marked 

Marked 

(anasarca) 

Present 

Moderate tumor 

Lungs, mediastinal, 

2 months 

Tobacco 

Slight 

Present 

Piesent 

thrombosis 

retiopentoneal and 


enough to 






mesenteric 


produce 





Blood throm- 

lymph-nodes 


leukoplakia 

Present 



(?) 

Pancreas, adrenal, 

4 months 

Alcohol 

Present 

Present 

bosis not 

peritoneum mesen- 







neoplastic 

tery, pleuia, 
lymph-nodes 







( Tumor throm- 

None 

2 months 

Opium ( ?) 

Present 

Present 

Present 

Slight 

' bosis In 






1 portal vein 
Tumor 

1 thrombosis 

None 

(?) 

Alcohol 

Present 

Present 

None 

Piesent 

! Extensive 

None ( ?) 

1 week 


None 

None 

None 

Present 

i tumor 







1 thrombosis 

1 Tumor 

thiombosis 

None 

4 months 

(?) 

Marked 

Slight 

None 

None 


conclusions to be drawn, but a brief analysis seems advisable The age 
of the patient is altogether in late middle life with the exception of two 
cases which have appeared in rather early life Philipp " states that 
cancels of the digestive tract, mcluding liver and pancreas, contribute 
46 per cent of all cancers occurring before the age of 15 years In 
EffgeFs statistics there were but five cases occurring before^ 20 years oi 
ag"e Cade,=3 Petrone,-^ Eisieato,^® Majumdar,=® Mattirolo,^^ TS^egelm- 


22 Phihpp Ztschr f Krebsforsch , 1907, v, 236 

23 Cade Lyon M6d, 1906, cvii, 1053 

24 Petrone Pgdiatne prat , 1907, v, 109 

25 Risieato Pediatna, Naples, 1905, senes ^ 

26 Majumdar Indian Med Gaz , 1905, xl, 30 

27 Mattirolo Gaz d osp , 1905, -OT, 732 clxxix, 95 

28 We-elm Virchows Arch f path Anat, etc, 190o, cixx 
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have lepoited cases m early life and it would appear that, as the study of 
carcinoma in early life is prosecuted further, cancers of the liver will be 
found to be of somewhat greater frequency than is supposed at the 
present time 

Little need be said as to sex, for the predominance of this affection in 
the male sex is well shown in the table (seven out of nine cases) and 
similar proportions are recorded by all modern writers 

The microscopic character of the tumor is found to be adenomatous 
in five cases and simple or solid in four eases Various writers disagree 
as to which form predominates and EggePs statistics show the reveised 
propoition, sixty-two cases of carcinoma solidum and fifty-five eases of 
carcinoma adenomatosum That statistics might be veiy much preju- 
diced IS well shown by the fact that all my own cases were of the type of 
adenocarcinoma and of the five cases furnished me by Dr Longeope four 
were of the solid type Grossly eight of the nine cases are nodulai can- 
cers, the other being a massive type The predominance of the nodular 
form IS more marked m my series than in senes of greater number, and 
all statistics point to this as the most frequent form The diffuse cancel 
IS one which lesembles a hypertrophic cirrhosis so closely m the gross 
that it IS often impossible to make the diagnosis without the microscope 
It IS a rather rare form, constituting about 13 4 per cent of the reported 
cases 

The cells from which the tumoi oiiginated have been put in the table 
with some mental reservation, for, although some authors have reported 
seemg transformations directly from liver-cells into cancer, and fiom 
bile-ducts into cancer a detailed study of these nine eases fails to convince 
me that such transformation can be demonstrated A very close lesem- 
blance can be seen between the tumoi-cells in some of the cases and hvei 
cells as IS true also of the duct epithelium and the tumor-cells, but inas- 
much as transformation of the morphology of the cells can be seen veiy 
distinctly in the small bile-duets in ciriliosis of the liver and in legenera- 
tion after acute processes such as acute yellow atrophy,^® it would seem 
reasonable to suppose that such tiansformation can occui in neoplastic 
processes thus interfering with deductions drawn on a puiely morpho- 
logical basis 

The question of the association of cirihosis and cancer of the liver is 
a living one and is the basis for a wide range of discussion and opinion 
It will be noticed that all nine cases show more or less maiked cnrhosis 
Of Eggel’s cases cirrhosis was mentioned clinically in connection with 
eighty-two and found present at autopsy in sevent 3 >-, the pioportion being 
about the same m the two microscopic forms 


29 Herzheimer 

30 IMac Callum 
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Two essential views aie held as to tins relationship, the first being 
that the two are present in the liveis simply as the result of coincidence, 
Frohmann^’- taking this stand It is tiue that relatively few cases of 
cirihosis of the liver show cancel, yet they show cancer-like changes in 
the increased number of ducts and the isolated islands of iiregulaily 
arranged liver-cells, sometimes, in my expeiience, to such a degree as to 
render the final diagnosis veiy difficult Eolleston^- goes so far as to say 
that mistakes of this soit have been made m many cases In spite of 
this, the veiy maiked fiequence of their concurrence, and the fact that 
secondary cancers are not very commonly associated would lead me to 
reject such a view 

By those who believe that the two conditions are more or less mter- 
1 elated, several views are expressed Gilbert and Claude^® with some 
others assert that the cancer is the primary process and produces the 
cirrhosis, probably by producing stagnation of the bile or by the direct 
action on the connective tissue of the toxic products of the cancer itself 
Bile-stagnation, however, although common, does not appear m all cases 
and, as has been mentioned before, the occurrence of secondary cancers 
frequently is unassoeiated with cirrhosis The weight of opinion is 
decidedly against this view 

Many claim that the cirrhosis precedes the cancer and is etiologically 
at the basis of the malignant growth To appreciate this view it is neces- 
sary to accept the view that cirrhosis is secondary in itself to some injury 
to liver substance and that the fibrosis occurs as a replacement process 
Clinical and experimental observation point this way so strongly that the 
assumption seems fully warranted Following out this idea leads us far 
afield into the study of liver regeneration, a study probably first undei- 
taken from the experimental side by von Podwyssowski He found that 
in different animals the removal of fairly large pieces of liver were fol- 
lowed by proliferative changes in the connective tissue and epithelium, 
the latter in some animals being more marked in the finer bile ducts and 
in other animals in the liver cells Ponfick^® reached somewhat similar 
conclusions Of the more recent experiments those of Jaeger,®® studying 
aspergillus mycosis in deei, led him to express the same view Many 
workers in human pathology are of the opinion that bile-duct prolifer- 
ation or multiplication of the hepatic cells occurs as the sole means of 
regeneration but personal observation of several hundred degenerate iv 
ers, including many cases of cirrhosis, leads me to accept the view a 
both liver cells and bile-ducts play a part in liver regeneration an 
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•^e connective tissue oveigiowth is essentially a substitution piocess 
This view IS supported by Mac Callum^^ and others who have made exten- 
sive studies in this field The multiplication of liver-cells' according to 
my own observation is almost certainly by amitotic division, but I am not 
prepared to state the mode of division into the multiplication of the bile- 
duct epithelium 

That diffuse or more or less localized destruction of the livei paren- 
chyma may lead to very marked proliferation of both interstitial and 
parenchimatous elements has been referred to earlier In order to apply 
this fact to cancer production it is necessary to call on Orth’s view, 
expressed in his ^‘Lehibueh/’ that the epithelial proliferation overshoots 
the mark and produces malignant change That necrosis or other degen- 
erative change might have plained a part is suggested, but not proved by 
any means, by the fact that m my senes four eases showed it extensively 
and that in Case 9 a focalized scax was found, probably the result of an 
earlier focalized lesion 

The frequent proliferation of bile-duets is called on to support the 
view that cirrhosis is piimarj^, but I cannot accept this because I find it 
present equally in the eases of liver-eell cancer as well as in the adeno- 
carcinomata, and in no case was I able to find connection between the 
proliferated bile-ducts and the cancer This phase of the subject will be 
referred to later 

Fraser^® in this connection suggests the ingenious explanation that 
there is present in the first place a hypertrophy of the connective tissue 
which first IS loose, later shrinks irregularly and causes on the one hand 
a destruction of parenchyma, on the other hand compensatory prolifera- 
tion, particularly in the parts not shrunken or in such places as there is 
little resistance to overcome The balance of proof certainly lies with 
IFraser, as this supposition is in marked contrast to the generally accepted 
ideas as to the pathogenesis of cirrhosis 

A third view as to the relation of cirrhosis and cancel is that a pro- 
ductive or organogenic irritant produces proliferation of connective tis- 
sue, bile-ducts and liver parenchyma This view is ably suppoited bi 
Jaegei^® in his work on deers’ livers There are many considerations 
which force me to regard this view favorably and numerous writers take 
the same position but again we are earned too fai afield to warrant dis- 
cussion in this paper 

The presence of tumor thrombosis is of very great interest m explam- 
ing metastasis, ascites and splenic tumoi That metastasis is not moie 
frequent in connection with thrombosis is probably due to the rapid 

3T Mac Callum, W G Eegeneratne Changes in Cirrhosis of the Luer, Jour 

Am Med Assn, 1904, xliii, 649 , 

3S Fraser Virchows Arch f path Anat, 1901, ebn, 540 
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growth of the cancer and m few of these cases was theie necrosis in the 
thrombi, a feature which means little probability of embolism 

Metastasis in the liver is a common feature, as can be readily 
explained by the iich blood-supply and the numerous lymph-vessels which 
course through the trabeeulse Extiahepatic metastases are most common 
in the lung, although my senes of cases does not give very much infor- 
mation as to this point. This feature, however, is almost certainly due 
to the rich venous thrombosis which occurs in connection with so many 
of these tumors In spite of this fact, fairly rich thrombosis is found m 
eases where no extiahepatic metastases aie lecoided whatever, and as has 
been stated above, this can be due to the rapid growth of the tumor and 
the fact that necrosis is very infiequent in the thrombi 

The duration of the disease is short in all cases, another point borne 
out by all the statisticians Two of my patients give a history of having 
been ill but a week hTatuially this cannot be accepted as final because 
of the notable inaccui acres of histones, particularly in the class of 
patients seen in the hospitals from which these eases were taken Never- 
theless that liver cancels run a course more rapid than cancers of most 
other viscera is a well-supported fact and is explained probably by the 
fact that the toxic products of the cancel have unusually ready access to 
the circulation, as can be inferred from the frequent venous thromboses 
Again, metabolic and digestive functions of the liver are of extreme 
importance and the fact that the tumor spreads rapidly through the liver 
by virtue of the intercommunicating blood and lymph-spaces would lead 
to very lapid interference with these functions 

As to the history of the use of drugs which would lead to cirrhosis I 
have included cofiee and opium and tobacco, which although not gener- 
ally accepted as causes of cirrhosis, most certainly play an important part 
in its production This point being accepted, all our eases with the 
exception of the two children and the last case show a history which 
includes some etiologic factor in the production of ciirhosis. This point 
should be regarded with considerable interest in connection with the 


question as to whether cirrhosis or cancer is primary 

Jaundice was present in seven of my nine cases and Eggel found it in 
61 per cent of his cases The histologic character plays little pait sta i& 
tically in the presence or absence of jaundice although grossly the con 
tion is less frequent in the massive form than in the nodu ar 
Jaundice can be explained in various ways, piobably most easi y y a., 
ing that the intrahepatic masses act to obstruct the ou ° ilvolved 
Case 1 there was Irttle doubt at the time ot the autopsy 
lymph-nodes m the hilum ol the lieer produced pressure o ^ 

d'ucfana rt rs easdy coucervable that such “me .s 

play an important part in tire production o cancers as 

irue ol Case =. Furthermore, the cachema mc.deut to l.«r 
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well as to othei forms of cancer may be of moment in that the production 
of a cachectic anemia may lead to consequent hematogenous jaundice 
Metabolic disturbances may add to this and there can be little doubt that 
the toxic products of altered metabolism may produce the so-called toxic 
jaundice 

Ascites was present m seven of my cases but not m precisely the same 
gioup which showed icterus Bggel found it in 58 5 per cent about 
equally divided between the massive and nodulai forms and most fre- 
quent in the diffuse (hypertrophic cirrhotic) form Curiously, it is moie 
frequent m those cancers which show the liver-cell type histologically 
than m those of the gall-duct type Although toxic factors and the pres- 
ence of anemia may play some part in the production of ascites yet the 
most probable causes, I thmk, are the associated atrophic cirrhosis and 
the fiequent venous thrombosis of neoplastic and other origin 

Edema of the lower extremities was jiresent m four of my eases and 
probably m a fifth case Eggel found it in 41 per cent of his eases In 
the majority of eases the edema must be laid to the anemia and toxemia 
but m a few it can be accounted for by the pressure of metastases, par- 
ticularly those mvading the lymph-nodes of the hilum, on the vena cava 
Neoplastic or other forms of thrombosis in the vena cava have been 
known to produce edema in cases of cancer of the livei 

Splenic tumor is an inconstant feature in the larger series of cases 
but in my series it is seen to occur in six cases The diagnosis in these 
eases is made from the pomt of view of the gross morbid anatomist and 
whether or not the clinician could demonstrate the condition in all these 
cases IS, I think, questionable It may be that toxic factors play a consid- 
erable part in the splenic enlargement and there can be little doubt that 
the general abdominal stasis is of great etiologic importance 

STJM3IARY 

To summarize, it may be said from the studies presented in conjunc- 
tion with the literature reviewed, that pi unary carcinoma of the liver 
occurs more frequently in men than in women, is seen most frequently 
in the fourth and fifth decades of life and very often is accompanied by 
a peisonal history in which some etiological factoi of cirrhosis of the liver 
IS found Clinically vague gastro-intestmal symptoms like those of early 
atrophic cirrhosis aie noted and are followed by more marked digestive 
disturbance, cachexia and frequently jaundice Ascites, edema of the 
lower extremities, splenic tumor and more rarely fever present themselves 
in a variable number of eases The course of the disease is rapid 

Pathologically the disease shows three gross anatomical forms, nodu- 
lar, massive, diffuse, and two microscopical forms, carcmoma solidum an 
carcinoma adenomatosum In the liver itself cirrhosis is an associa 
condition in almost all cases, tumor thrombosis of the intiahepatic b oo - 
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vessels is common and intrahepatic metastases are fiequent Extrahepatic 
metastases are more common and more widely spread than usually is 
beheved and their distribution, together with the frequent presence of 
tumor thrombosis of the intrahepatic blood-vessels, lead to the conclusion 
that the transmission of the condition to the other organs is largely 
through the blood vascular system In my opinion cirrhosis of the livei, 
01 the faetois which commonly are believed to produce cirrhosis, play an 
impoitant part in the etiology of piimary carcinoma of the organ and the 
tumor may originate from either the essential hepatic cells or from the 
bile-duct epithehum These tumors arising from the liver-cells are more 
likely to be of the solid form and those fiom the bile-ducts aie more likely 
to be of the glandular form, but this is not an invariable rule 
1320 South Broad Street 
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It 13 almost as agreeable, and indeed quite as stimulating, to find an old 
subject piesented in a new and suggestive manner as to chance upon a new sub 
ject Itself, and the former, as a rule, is fai more apt to be quickly and widely 
received The tiemendous strides which have recently been made in assistm-r us 
to imder stand the complicated mechanism of the cardiovascular appaiatus, both 
in health and in disease, have developed a new and much broader point of view 
regarding heart disease Until the publication of this book most of the contribu- 
tions which have brought about this somewhat diffeient attitude of mind had 
not been incorpoiated in the older text books on the heart oi modern system 
ai tides, nor have they exerted their full influence on them The great value of 
the piesent book is that the author treats the subject in a new way The lecent 
results of anatomical, physiological, pathological and clinical studies aie com- 
bined in such a manner that the direct bearing which the scientific observation or 
experiment has on the bedside teaching is most judiciously and caieiully pointed 
out, and the results of recent investigations are used to make clear the funda- 
mental changes which take place in disease 

The first pait of the book is devoted to general consideiations and methods 
of diagnosis, in which among others there are excellent chapteis on the blood- 
pressuie, the arterial and venous pulse and the electrocardiogram In the second 
pait “Diseased Conditions Due to Diffuse Pathological Piocesses” are discussed 
In this section there are several chapters on cardiac ovei strain, broken compensa 
tion and general symptoms of cardiac disease, excellent chapters on the general 
principles of treatment, the effect of drugs, gymnastics and hydrotherapy in 
cardiac diseases, and sections on the affections of the myocardium and the bioad 
subject of arteriosclerosis with its results 

In the third part, the diseases of the vaiious heait valves are tieated sep- 
arately, and chapters are devoted to heart block and Adams Stokes syndrome, 
peiicarditis, wounds of the heart and aneuiysm Pinally, the book closes with 
chapters on “Punetional Diseases Without Anatomical Lesions ” Each chapter is 
introduced with a thorough discussion of the pathological physiology of the 
subject As is inevitable in a book that deals with a subject to which knowledge 
IS still being added, one finds statements which by this time would undoubtedly 
be modified by the author The paragraphs on perpetual ii regularity of the 
heart were evidently written before the recent work had shown conclusively that 
this condition was due in most cases to fibrillation and not paralysis of the 
auricles So, too, in the section on arteriosclerosis, the author’s views as to the 
etiology and classification of the diseases of the blood vessels are in places not 
as definite as one might wish, especially as regards the syphilitic type or 
mesarteritis One very excellent feature is the great number of illustrations and 
diagrams which help immensely to present complicated problems in an objechve 
manner ATost of these, too, are original and afford a great relief irom the 
hackneyed cuts so common in most textbooks A selected bibliograp y is 
appended to each chapter The monograph can be highly recommended to both 
Students and practitioners, and whoever reads it will be sure to experience 
pleasure and gam much information 
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A 1’beatisi: on Diagnostic Mlitiods of Ex^uiination By Di Heimann Sahli, 
Director of the Medical Clinic, Univeisity of Bein Edited, with Additions, 
by Nathaniel Bowditch Pottei, MD, Assistant Piofessor of Clinical Medicine 
at Columbia Univeisity (College of Physicians and Surgeons), Ncav York 
Second Edition Authorued Tianslation from the Fifth Revised and Enlarged 
Gei man Edition Cloth Puce, $6 50 net Pp 1229, with 471 illustrations, 
Philadelphia W B Saundeis Company, 1911 


Pei haps theie is no single book on diagnostic methods which has had as 
wide influence as this tieatise of Piofessoi Sahli, and when we come to look foi 
the leason, it is undoubtedly to be found in the fact that the tieatise is not a 
meie desciiption of methods of clinical examination, compiled from text-books 
and jouinal ai tides, but leall^ a ciitical survey of the clinical pioceduies, almost 
all of which have been used and carefully tested in the clinic at Bein It theie- 
foie lepresents actually the noik of one man, and the stamp of his authority 
gives the book a value vhich it could attain in no othei way In many instances, 
moreovei, the paragiaphs on the use and value of ceitain instruments and 
methods of examination have appealed first in this book and, in a way, theiefoie, 
the treatise must be considered as an oiiginal communication The fifth German 
edition his been veiy thoroughly levnsed and coiisideiably enlaiged The ehaptei 
on hemodynamics has been entiiely lewritten, and extensive levision has been 
made in piactically eveiy chapter in the book Tliese changes aie particularly 
noticeable in the section on tlie examination of the stomach, the chaptei on the 
blood, and the examination of the intestinal canal, but it is impossible here to 
mention in detail the vaiious and numerous changes and additions The American 
edition has been increased in size by ovei 200 pages, and yet some of the mateiial 
in the last edition has been omitted oi leplaced by new mattei 

In the chaptei on physical diagnosis, the authoi desciibes at some length the 
value of the newer methods of percussion, such as tlie oithopeicussion of 
Goldscheidei, but lather advises against then use Theie is no mention made 
of the third heait sound lliough the section on hemodynamics has been 
lewiitten, and most of the modem methods of examination aie critically sui- 
veyed, one is gieatly astonished not to see a single woid concerning the electro 
caidiograph, the instiument is not even mentioned Seveial pages aie devoted 
to sphyginobolometry In the chaptei on the examination of the stomach, there^ 
IS a long desciiption of the desmoid leaction and the butyiometiic method of the 
examination of the stomach contents is desciibed much inoie fullv than in the 
last edition 

In the chaptei on the blood, veiy fiee use is made of Naegeh’s Bliit-KianJc 
lieiten, and most of his views on the oiigin of tlie blood-cells and the classilica 
tion of diseases of the hematopoietic tissues aie accepted Consideiable space, 
pel haps piopoitionately too much, is devoted to a discussion of the viscosity of 
the blood The valuable chaptei on tlie neivoiis system has been consideiably 
altered and enlaiged Great credit is due to the tianslatei and editoi, foi certain 
little inaccuracies and faults which weie piesent in the fiist Ameiican edition 
have been corrected, and the piesent volume has been edited with much caie and 
discretion Comparatively few additions have been made, and these have been 
chosen most happily and almost all fiom the Ameiican liteiatuie Chief among 
them aie a note on Grocco’s sign, a very useful paiagraph on the collection of 
mine, Folin’s method foi the deteimination of acetone and acetoacetie acid, 
Schaffer’s method for the determination of beta oxybutyiic acid, methods for 
enumerating platelets and Noguchi’s modification of the Wassermann leaction 
and the butyric acid test foi globulins in the spinal fluid 

A curious leduplication, howevei, has occurred in one instance, for Folin 
and Schaffer’s methods are desciibed on page 603 and again almost in the same 
woids on page 656 It may be said that the piesent edition is almost like a new 
book, so greatly has it been changed and added to, and it is now unquestionably 
one of the most valuable tieatises on diagnostic methods winch we possess 
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PATHOLOGICAL AL^ATOHY OF EXOPHTHALMIC GOITEE 

the axatomical and physio logical relations of the thyroid 

GLAND TO THE DISEASE , THE TREATMENT ^ 

DAVID ilAEINE, D , and 0 H LENHART, M D 
crL\iL.vM), oirio 

1 INTRODUCTION 

"■Jlie sixti-nine cases used as tlie basis oi tins lepoit include all cases 
olmicallv diag^nosed as exophthalmic goitei at Lakeside Hospital fiom 
Sept 7, 1907, to Sept 7, 1910 tiom which sufficient th 3 ioid gland tissue 
WAS obtained foi anatomical studies and foi lodin deteiminations 

The pimcipal data appei taming to each case have been tabulated as 
biiefly as possible (Table 3) It wul] be noticed that special stiess is laid 
on the objective phenomena obtained dining the patient’s sta}'’ m the 
hospital This wxas done (1) because w^e ha\e as yet no accuiate standaid 
of* estimating the impoitance of subjective sensations in this disease, 
although the} aie doubtless of gieat impoitance in all neivous and mental 
diseases, and (2) because oui majoi mteiest at piesent is concerned with 
the phjsiological i elation of the th}ioid gland to the symptom-complex 

5 PATHOLOGICAL ANATOMY 
In deseiibing the pathological anatomy of exophthalmic goitei we 
must be content at piesent ivith cataloging the changes in the vaiious 
tissues of the bodi, in the oidei of then constancy and piominenee This 
amounts to desciibing the stiuctuial alteiations of those tissues which 
biologically aie endoived with the gieatest means of ph} siological adapta- 
bility, and must necessaiily leave imchaited much that niav be of the 
gieatest significance in tissues whose poweis of objective manifestation 
of leaction aie most limited Thus it cannot be stated that, because the 
stiuctuial changes in the biam appeal less maiked than those ot the 
lymphoid oi thyioid tissues, theiefoie they are of less impoitance 

The moibid anatomy coinpiises changes in many organs Indeed all 
the body tissues may be affected, as might be expected in a disease in 
which nutiition is so giavely impaned It is on account of the attempts 

^Fioin the H K Cushing Laboiatoiy of Expeiimental Medicine Western 
Eeseive Univeisity, Cleveland, 0 
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to laise the anatomical changea of eeitam tissues (formaly the neirous 
tissues, now the thjioicl gland) to the idles of piimaiy factors that con- 
flictmg hypotheses and contioversies have arisen 

AVe aie not justified m asciibing a gieater or lesser degree of impoi- 
tanee to the anatomical changes than the expeiimental data of moibid 
physiology and of moibid ehemistrv make possible, for, in this disease 
uhich IS piobably a general nutiitional distuibanee, it is by these means 
that the piiniaiy oi cancal alteiations can be sepaiated fiom the secondaii 

01 IPSnlfmcr nfinno 


lesiilting alterations 


I Thyroid Glakd^ 

Wideh different vieiis aie held concerning the ehaiaeter of the 
tliyioid changes Theie aie those who hold that the changes aie constant 
and specific Others hold that the thyioid changes are neither constant 
noi specific, while still others believe that these changes are relativeh 
constant but in no sense specific These differences of opinion have arisen 
laigelj' from the fact that (1) many writers have used very small senes 
of cases as the basis of their conclusions, and (2) that great diffeienees 
eiist depending on whethei the districts in which the eases arise are 
goitrous 01 not Thus, in the cases arising in non-goitrous districts a 
single anatomical type of goiter (the small, generally symmetrical gland 
of from 40 to 150 gm weight with unifoini generalized fibrosis and active 
hyperplasia) predominates, while in cases arising in goitrous districts as 
in the Alpine distiicts of Austria, Italy, Switzerland and France oi in 
the Great Lakes Basin of America, a gieat variety of changes aie met 
with, e g, nodular (adenomatous) goiters, large, liemorrhagic-ci stie 
goiters with extensive degenerative clianges and large, simple colloid 
goiteis, as well as the first form mentioned 

We have discarded four cases of clinically diagnosed exophthalmic 
goiter in winch the anatomical changes in the thyioid were varied and 
liighl}’’ coinjilieated, in order to simplify the detection and interpretation 
of any relation of the idoin content to the histological structure and of 
any relation both of the lodin content and histological stiuctuie to the 
disease as a whole 


1 Oui studies have led us to the conclusion that the thyroid and paia- 
thyioid glands are independent stmetuies both anatomically and physiologicalK 
We have examined the parathyroids from nineteen patients -with exophthalmic 
woiter, with findings similar to those reported by MacCallum, Med News, N 1 , 
1903, p 820, VIZ That there is no anatomical or physiological evidence of anj 
relation between the parathyroid and the exophthalmic goiter symptom complex 
Eecently Eoussy and Clunet (Compt rend Soc de biol, 1910, Lxyiii, 818) haie 
reported examinations of the thyroid parathyioid apparatus in two congenita 
cietins who died at the ages of 2o and 28 jears They found that f^^ ower 
parathyioids were noimal m both patients while the upper pair ® 

m either The thyroid lobes ueie extremely atrophic m one patient and absent 

in the other 
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The thyioids of the sixty-nme eases used in this study (Table 3) aie 
gioiiped as follows (1) i^'oiiual thyioids (i e, as legaids gioss appeai- 
auce, histological stiucture and lodin content) — two cases (la) ISToiinal- 
eolloids (that is, glands in which one could not decide from then gioss 
appeal ance, then histological stiuctuie or then lodin content whether 
they had oi had not at some previous time undergone slight hypertrophy) 
— three cases (2) Activel} h} per plastic th5ioids (i e, including all 
the degrees of active In^peiplasia from the slightest departure from the 
normal oi the colloid gland to extreme cellular proliferation, wliethei 
occuiimg on a colloid oi a normal thyroid basis) — foity-thiee cases 
(2a) Premature atrophy supervening in active hyperplasia — four cases 
(included under hyperplasias) (3) Colloid goiters (pure type) — eigh- 
teen eases (4) Fetal or simple adenomata (pure type) — eight cases 
(three included vith noimal-colloids and two with colloids) Thus, five 
of the nine" great divisions of the thyroid changes are represented These 
fire anatomical groups embrace all the known variations in the functional 
activity of the gland with which stuictural changes have been associated 
We have grouped tliese changes in the following scheme in order to bring 
out then sequential lelations and to render the following descriptions 
luoie easily iiiidei stood 

1 Noiiual thyiouls 

2 Hypeiplabias 

I Primary, i e developing on a noimal gland basis 
A Developmental stage 
B Involuntary stage 
C Atrophic stage 

II Secondary, i e developing on a colloid gland basis 
A Developmental stage 
B Involutional stage 
C Atrophic stage 

3 Colloid glands 

4 Adenomata 

I Simple 
II Fetal 

5 Old complicated goiteis 

1 NORMAL GLANDS AND NORMAL COLLOID GLANDS {SEE FIG 1 ) 

The clinical diagnosis in the two cases with noimal thyroids (using 
the most rigid standards) and the three cases with noimal-colloid thjioids 
(oidinarily called normal) may be questioned, since goiter (anatomical 
standard) was absent in all five and exophthalmos m three Such 
cases are not unique, however MaeCallum^ recoids such an instance 

2 Marine and Lenhait Pathological Anatomy of the Thyioid Gland, The 
Archives Int Med , 1911, vii, 506 

3 MacCallum The Pathology of Evophthalmic Goitei, Jour Am Med Assn, 
1907, ^ll^, 1158 
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H IstGd and 0 here have remarked on the oeenirence of the syndiome in 
ret viduale with aoimal glands Such cases are oidmanly classed elm- 
leall} as incomplete (/ome puste) exophthalmic goitei They are moie 
common than the liteiatnie indicates Two possible explanations mav be 
0 eied foi such eases either (1) thyroid hyperplasia was prevented bi 
the presence of a high lodin content (a well-established fact for animals) 
or (2) the cases weie not hue exophthalmic goitei but some closely 
allied neivous sj'mptom-complex, as neui asthenia or psychasthenia Tull 
desciiptions of the anatomically noimal gland have alieady appealed- 
and need not be lepeated heie 


‘ 2 ACT/J E HVPERPLASIAS {SEE PIG 2) 

In forty-thiee cases some degiee of active thyroid hypeiplasia was 
piesent The degree of hypeiplasia varied fiom the slightest depaituie 
fioni noimal (hypeitroph} ) to the maiked proliferations (hyperpla'^ia) 
Toi leasons that have been discussed in previous papeis, it is necessaiy 
to divide the hyperplasias into two groups, depending on whether thev 
develop on the basis of normal (piimary) oi of colloid (secondary) 
glands Clinically, this division of the cases into ‘‘primary” and “sec- 
ondaiy” exophthalmic goitei has long been used In presenting the 
anatomical chaiacteristics of thyioid hypeiplasia as they aie observed in 
exophthalmic goiter one must bear in mind that the simplest conception 
includes parts of three different anatomical processes and of the thiee 
corresponding functional stages, viz (1) the developing ot eompen- 
satoiy 01 Inpeiactive stage, (2) the involutionaiy oi recovery oi colloidal 
stage, and (3) the thyioid exhaustion oi piematuie atrophy oi myxede- 
matous stage All these stages oveilap, both as to then anatomical and 
their physiological characteristics, so that in a given gland one may have 
any degiee of one oi more of the above named processes represented It 
IS piefeiable, theiefore, to desciibe these stages separately although in 
-VIVO such a separation does not frequenth exist 


I PRIMARY HYPERPLASIA 


In a majority of the cases of exophthalmic goitei oecuiiing in non- 
goitrous legions and to a much less extent in those occuiimg in goitious 
districts, the hypeiplasia develops fiom a noimal gland base We have 
gi ouped seventeen glands in this class It might be designated as the 
classical tvpe and, since the studies based on the suigieal collections hare 
so emphasmed this change to the exclusion of others, a widely held opinion 
has been cieated that the thvioid changes in exophthalmic goitei aie 

specific 


4 Ilalsted Bull Jolms Hopkins Hosp , . 

5 Mvune and Lenhait Rehtion of lodni to tl.e Structure 
loids, Tim Archives Ixt Mid, 1900 iv, 440, 1911, vn 50 > 
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A The Developmental Stage 

Tiacing the de^ elopiueiii of hypeitioph} and hypeiplasia fioni the 
noimal gland, the hist change noticed is the mcieased blood-siipph The 
capsiilai lessels, both leins and aiteiies, aie dilated and h"^ peiti opined 
The capillaiies smionnding the follicles aie dilated The gland becomes 
largei, soltei, and takes on a biightei led coloi Micioscopieally, theie 
IS a lessening oi the stainable colloid At fust it ineiely stains less 
intensely, latei lacuoh/ation and linally a disapiieaiance of the tine 
colloid occiiis, its place being taken b} a gianiilai albiiminoiis debus in 
nhich may be seen leukocites and shed epithelial cells As the colloid 
disappeais, the epithelial cells change fioin the noimal ciiboidal to high 
cuboidal, to coluinnai, and hiialh to high coliimnai, while pioseiving 
then iinitoinnty and legiilaiity Witii the disappeaiance of the colloid 
and the giowth in sue and niimbei oi the epithelial cells, the coloi of the 
gland changes liom the noimal ambei-ied to i eddish tiansliicency, to 
gia^^-ied, and fiiialU to the soft flesh}, gia}-ied and opacjue coloi of the 
maiked hipeiplasia As true hypeiplasia of the epithelial cells takes 
place, the existing follicle'^ enlaige and new ones me foimed, piobabh by 
budding Tnfoldings and plications begin to appeal and mai piogiess 
so as to almost fill the space oiiginally occupied by the colloid This 
infolding of the lining epithelium is laigely dependent on the capsnlai 
and stioraa tension The gland capsule and stionia h 3 'peitiophy paiallel 
with the epithelial piolifeiation In the eaily stages of hypeiplasia, this 
connective tissue-lnpeiplasia is lelativel} slight, while in the later stages 
the inteilobulai bands aie lelatively pioimnent and give to the gland a 
mildly hobnailed appeal ance Complications, as hemoiihage, C}st forma- 

tion, calcification, etc, aie exceedingly laie The entire gland shares 
these changes The gland is s}mmeti really enlarged and preserves the 
outlines^ of its original oi normal state The enlargement is, of course, 
\aiiable with the degree of active hypeiplasia but rarely exceeds 200 gm 
and, as w'e shall point out later, becomes smaller as fibrosis and atrophy 
supervene The foci or nests of lymphoid tissue wdiicli develop in the 
gland stroma wall be discussed under “Lymphoid Tissue ” 

B Involxitionauj , Recovery oi Colloidal Stage 

The tliyioid undeigoes exceedingly lapicl histological changes, both 
within the limits of health and of disease These changes are for the most 
part of twm types (1) the developing hyperplasia, just described, and 
(2) its involution to the colloid state These two processes of increased 
and decreased thyroid activity may alternate even fiom week to w^eek, 
depending on different niitiitional states of the body They oecui in all 
true goiters, m all animals, but are most pronounced in man on account 
of the moie changeable conditions of nutrition and enviionment In 
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exophthalmic goitei, owing to its spontaneous esaceibations and lemis- 
sions, or to the tieatment instituted, a piogiessive active hypeiplasia of 
the thyioid is laiely allowed to continue its couise undistuibed for a long 
time Under such conditions the active hypeiplasia ceases and may 
remain stationaiy, oi it may paitially involute to the colloid state, then 
undeigo hypeiplasia again, or the involution may be complete, in which 
ease the gland letuins to the pure colloid oi resting stage. This in turn 
may be temporary oi permanent, depending on the increased or decreased 
needs of the organism foi thyroid activity This involution, or return to 
the colloid state, occurs in all spontaneously lecoveiing exophthalmic 
goiteis (and in all other goiters as well) and invariably oeeuis following 
the administration of lodm-eontaining substances It becomes obvious, 
theiefoie, that any given gland at the time of removal maj be undergoing 
either progressive (actively h3'peiplastic) or regressive (involutionaiy) 
changes 

One must reckon with all degrees of this regressive or involutionaiy 
change fiom the marked hyperplasia back to the pure colloid gland, just 
as one has to reckon with all degrees of the progressive (actively hj'per- 
plastic) change from the normal or colloid gland up to marked hyper- 
plasias The anatomical changes are, therefore, just the reverse of those 
desciibed under “developing hyperplasia’^ and aie briefly as follows The 
gland as a whole becomes fiimei to the touch The color changes from 
giay-ied and opaque of the marked hyperplasias to giay-red and trans- 
lucent, to reddish translucency and finally to the translucent amber-ied 
color of the pure colloid gland The blood-supply diminishes This is 
associated with a lessening of the caliber of both the arteiies and veins, 
due to a thickening of the vessel-walls similar to that observed in the 
involuting thjanus or uterus The follicles gradually become visible to 
the naked eye They appear as enlarged, rounded cavities containing 
colloid — the latter at first but palely staining and gianular, gradually 
becomes more uniform, more dense, stains moie intensely and finally 
comes to resemble in all respects noimal colloid As the colloid accumu- 
lates the high columnar epithelium with its infoldings slowly returns to 
columnar, to cuboidal and finally to flat cuboidal, if the involution is 
complete, while the infoldings take on more of the appearance of small 
tufts of stroma jutting into the follicular lumen and coveied with the 
prevailing type of follicular epithelium Even the stioma becomes less 
prominent either by compression oi absoiption, and in the pure colloid 
state may show hyaline tiansfoimation As a rule, this senes of changes 
produces some lessening of the size of the gland as a whole This, how- 
ever, IS a manifestation of minoi impoitance 

These regressive changes may be piolonged for months oi years or 
they may occur in a few weeks, depending on the degiee of active hyper- 
plasia existing at the time the involutionary process was instituted and 
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on the agents oi factois nndeiljmg and pioduemg the involution All 
these changes may oceiu without alteimg the symptom-complex in any 
uay As a inle, however, theie is some slight amelioiation of the 
s} mptoms 

The question natiiially aiises how to distinguish and classify, ana- 
tomically, these legiessivo changes since, if they aie the leveise of the 
piogiessive changes, coiiespondmg degiecs of either must have many 
anatomical featuies in common They have One may not be able to 
distinguish them The lodin content is a material help, since it is usually 
lower in the developing h}peiplasia and liighei in the involutionary stage 
Then a carefully taken clinical history may be of value The greatest 
difficulty comes in separating these legiessive changes fiom piogie'^sive 
changes occuiiing on a colloid base Again the lodin content and a caie- 
fulljf taken history aie the best aids As legaids classification, we have 
used the prefix 'colloid’^ in con;)unction with the degiee of hiqreiplasia 
as, e g, ^^colloid-modeiate hjpeiplasia,” since the piocess of involution 
necessarily implies the colloid phase 

C The Exhaustion or Pi einatui e Abophy O) Myxedemaious Stage 

The thjioid cells m active hyperplasia aie hyperactive If this hyper- 
activity is allow'ed to continue ivithout periods of physiological cell-iest, 
the cells sooner oi later die of exhaustion "While this mode of teimina- 
tion of an active hyperplasia may occui in any clinical foim of goiter in 
any animal, in the adult human subject it is most commonly seen m the 
end stage of exophthalmic goiter (myxedema) and in children in the 
developing cretin Clinically, the gradual leplaceinent of the si mptoms 
of exophthalmic goiter by those of myxedema has long been known, but 
its constant association with definite anatomical changes has not been 
specifically emphasized beyond the well-known clinical fact that in the 
late stages of exophthalmic goiter, the gland often becomes smallei and 
fiimei Anatomically the evidence of cell exhaustion and cell death m 
exophthalmic goiter is detectable before there is any clinical suspicion oi 
a diminution of the functional activity of the gland MacCalliim’ has 
cleaily described these very early histological changes but did not point 
out then possible significance 

Just as one has to leckon wuth all degiees of ‘ developing hyperplasia^’ 
fiom the normal gland up to the markedly hyperplastic stage, and with 
all degiees of the “involutional y or recovery stage” from the markedly 
hyperplastic gland back to the colloid gland, so in premature atiophy one 
has to reckon with all degiees of the process from the slightest atypical 
cell-siow'th in the maikedly hyperplastic gland back to the small, scar-hke 
thyroid in which are scatter ed islands of compressed epithelial cells 

Tiacing the piocess fiom its first manifestations in a marked active 
hyqieiplasia, the gland becomes smallei and firmer to the touch It 
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lemains extiemelj vasculai The capsule is thickened The stioina, both 
intei- and intra-lohnlai, becomes denser and compiesses the follicles 
Colloid IS absent On section the gland has a dry, gianulai, giaj -red- 
opaque appeal anee Micioseopieally, the epithelial cells are at first of a 
uniform high columnai type with heie and there an at}q)ical cell mass 
As the atrophy pi ogresses more and moie, the epithelial cells become 
iiiegulai in size and shape and staining leactions The epithelium loses 
its nnif 01 m ai rangenient in the follicles and piling np^ desquamation and 
disintegi ation aie seen in the same follicle along with mitotic figures 
The nuclei aie enlarged, often hypeichiomatic, and quite variable in size, 
shape, and staining intensity As the atrophic process continues, the 
follicles are furthei leduced by the cells’ death and advancing scleiosis 
until they may appeal as compiessed nests of cells with oi without the 
bare outlines of follicles We have foui mild examples of such glands 
in oui exophthalmic goitei senes in which, clinically, the seveie and 
classical symptoms masked the definite though slight manifestations of 
myxedema We have also had a specimen of tins type of thyroid change 
lef erred to us with the histological diagnosis of piobable cancel 

Such anatomical evidence of the inability of the cells to further giow 
and divide normally has long been looked on as a cell-exhaustion, the 
lesult of overwoik and malnutiition, and since E Heitwig and his pupils 
have produced and studied similar changes in the protozoan cell, it 
becomes probable that this is the true explanation 

In cietin pups we have obseived th3noid changes similai to those just 
described and have been able to cause these atypical cells to letuin to the 
cuboidal or lesting foim with the accumulation of colloid in the follicles 
by the administration of small doses of lodin, and later, by partial 
removal of the gland, to pioduce a unifoim and regular compensator)'’ 
epithelial hypeiplasia 

The process, theiefoie, whether oceuiimg in exophthalmic goiter oi 
in cretinism, is a piematuie cell death in spite of attempts to legeneiate 
and IS nevei obseived in the early oi vigorous stages of cell giowth It 
IS of interest to note in this connection that Waithin® has described the 
same pioeess of premature atrophy and fibrosis of lymph-glands m the 
lymphoid hypeiplasia of status lymphaticus 

II SECONDAET HYPERPLASIA 

Clinicall)', the cases with secondary active hj'peiplasia are often 
spoken of as seeondai)' exophthalmic goiter, while anatomically the teim 
means only active hyperplasia developing from a colloid gland These 
cases are much more common in goitei districts In oui senes ■«e have 
thus designated twenty'-six cases The number is piobably not absolutely 


G Warthin Arch Pediat , 1909, -vxvi, 597 
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ncciiinte since, as pointed out abo\e, it most likely includes eases m which 
the piiinan or pieccding Inpeiplasia had not letuined to puie colloid 
goitei The distinction, howevei, between piiinaiy and secondai) hypei- 
plasia is impoitant, hist, because it lecogni/es the iundamental concep- 
tion of colloid goitei as the ciiied stage ot an active Inpeiplasia and not 
as a degeneiation, and secondh, because it ohcis a logical and simple 
e\planation Joi main stiuctuial changes which ha\o, in the past seived 
as a ba'sis loi theoietical discussion 

1 Dtnu'loping Secoiidanj AclU'e IIi/pci pla&ias 

fVetive Inpeiplasias developing liom colloid glands do not dihei fioiii 
those de\ eloping iiom noiinai glands and all giadatioiis fioni the colloid 
gland up to the maiked Inpeiplasia occui Then inteipieration oftcis 



i'lg 1 — }^oun.il tliyioid (Ca'^e II — 450, see lable 3) Note tlie louiided and 
niodeiately unitoim si/e of tlie follicles, tne homogeneous and iinifoim colloid, 
the cuboulal epithelium and the uoimal stioma 

more dithculties on account ot the tiequeney ot othei moipbological 
changes Thus it is laie to see secondaij hjpeiplasias in man tiee fiom 
othei stiuctiual changes as hemoiihage, cjst foiraation, degeneiation oi 
tiimois Then, in addition, the piesence ot any oi all of these conditions 
may modify oi impaii the reaction ot the adjacent thyoid tissue, and one 
not uncommonly sees in these glands laige cential aieas oi it nla^ be but 
a tew' enlaiged follicles ivhich tail to nndeigo active hypeiplasia, while 
the peiipheial /one shows the usual pictiue ot incieased blood- 
supply, deciease in colloid and colnmnai epitbelium with infoldmgb and 
plications 



OF IWl'ERlfiAL MEDWlH^^n 

The essential anatomical changes aie the same as those detailed foi 
the piimai}^ Inpeiplasia and need not be repeated since all glands luth 
extensive complicating changes weie excluded 

B hivoluiionanj 0! Becoveiijoi Colloid Stage 

The gioMth ot a secondai’^ active hypeiplasia may be aiiested at an^ 
stage oi‘ its development and paitially oi completely letnin to colloid 
goitei again The anatomical changes in this piocess aie the leveise of 
those seen in the developing stage and identical with those detailed nndei 
“The inioliition of piiman active h}peiplasias ’’ It may be pointed out 
heie that this c^cle of changes, chaiacteii/ed b}^ developing hypeiplasia 
tolloued bi its iniolution, is common to all goiteis and in all animal« 



l.ig 2 — Active tliyioid hypeiplasia of niiiked degiee (Cise if — 427 as tipc, 
see lable 3) Note the iiiegulai sued and distoited follicles vitli infoldiiigs ind 
plications of the lining epithelium, the legulai and uiufoini, high coluniiiii 
epithelium the absence of tiue colloid and the geiieialued inciease of stionia 

studied, and one ma}’’ see the etcle lepeatmg itself m the gland again and 
again as is ilhistiated in the thyroid changes ivith multiple piegnancies 
in man, oi as can be pioduced expeiimentally in dogs b) alteinatelv giving 
and withliolding lodm in conjunction with partial lenioval of the gland 

C Exhaustion oi Pieinatiiie Atiophij oi Myxedematous Stage 

If the seeondaii htpeijilasia is peiniitted to continue u ithout peiiods 
of physiological lest, a seiies ol changes mat occui siiniiai to tho^e 
alieadj desciibecl as occui i mg in the “Exhaustion =tage of jniman actue 
hyperplasia ’ It is not so fiecinent, houeiei, as in the pimian gioup fo’ 
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the leason that the indniclual Jias as a lule iiuich uioie thuoid tissue 
AMth ^shich to compensate Xeveitheioss, it ma} occui In oui senes of 
glands A\e did not lecogni/e sncli an instance 

} COLLOID aOITDIIS (SIJD FIG 3) 

Theie aie eigditeen in oui senes Colloid goitei is the iieaiest iionnal 
state aiiatoiiiicalh^ (and plnsiologicall> as well), to which actnelv In pei- 
plastic tliMoids iiia\ letuiii This iiuolntioii, wdiethei it occuis sponta- 
neoush oi is induced b\ the action ot lodin, is histotogicalh the same 
dhegeneial chaiactonstics oi pine colloid goilei aie (1) decieased blood- 
snpph as coinpaied with tliat wliicli is pieseiit in the actne hvpciphisia, 
(2) an acciinuilation of noniial colloid in the eiilaioed follicles, (3) a 
letiiin ot the lolliculai epithelium to the nonnal cuhoidal foim Tlic 



Fig 3 — Colloid goitei (Cahe II — 230, see lable 3) Note the gieat vaiiatioii 
HI the sue of the follicles, then sliglitly inegulai outlines, the iioimal cuboidal 
epitheluini and the unifoiiii, noinially staining colloid Note also the focus of 
lymphoid tissue in the stioma and its i elation to the tliyioid follicles 

histological details of these changes and of the piccess as a whole ha\e 
alieady been published 

In ceitam of the cases wnth colloid goitei no past Iiistoiy of lodin 
medication w^as obtained, in otheis such a liistoiy was definite, and in 
still otheis we have peisonally followed its adininistiation and the lesiilt- 
ing then Old changes, so that we can positively state that lodin induces 
the same kind of changes in the active Ii^peiplasia of exophthalmic goitei 
as in aii}^ othei functional hvpeiplasia in anv of the animals studied 

7 Mamie and Lenhait Bull Johns Hopkins Hosji 1000 v\ 131 Ijie 
Abcuives Im Alru , 1011, m 50b 
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Tins biological leaction with lodin eliminates the foinieily widely held 
opinion among pathological anatomists that the thyioid changes in e\oph- 
thalinic goitei aie specific and explains such cases as that lepoited by 
Shepheid and Duval® in which at the fust opeiation the gland was in the 
state of active hypeiplasia and at a later opeiation the gland was in the 
colloid state, oi ot such cases as that lepoited by MacCallum,® when at 
a fiist opeiation theie was a mild degiee of active hypeiplasia and at a 
second opeiation theie was a nioie maiked hyperplasia The size of 
colloid goitcis IS nsiially smallei than, but depends laigely on, the pieced- 
ing active hypeiplasia and is tlieietoie vaiiable 


'/ ADENOMATA {SEE FIG '/) 

Adenomata neie present m eight cases, of which six weie of the fetal 
adenoma tvpes In five, the entiie lobe including the tiinioi was lemoved 



Lapsule to jjai enoliyma 

These glands have been gioiiped accoiding to the anatomical stuictuie 
of the non-tunioi thiioid tissue which in thiee cases was that ot noinia 
colloid glands and in two cases, colloid glands In the lemaining thiee 
cases the tnuiois weie enucleated As pointed out in a pieiioiis papei 
adenomata do not oceui in otbeiwise noiraal glands and the pie^enct o 
colloid glands in the five instances of oui senes nieiely means that the 
pieeeding lypeiiilasia ot the non-tiunoi thyioid tissue had letuined to t ic 
colloid state eitbei spontaneously oi thiough the action ot lodin, vithou 
notabl} attecting the tumois The histological chaiactenstics ot both 

S Shepheid and Duvil Aims Suig, 1000, ], S4 



DAVID MAlilNE—G H LENHART 


277 


the fetal and simple adenomata have been deseiibed elseii'heie'’ and need 
not be lepeated Any diiect lelation ot these tumois to the symptom- 
complex of exophthalmic goitei is doubtlul since we have found several 
(seven m 316 autopsies) ot tlieae tumois at autopsy when no suspicion 
of th}ioid disease existed and have also =een seveial specimens acciden- 
tally lemoved along uitli goiteis liom cases with no manifestations ot 
exophthalmic goitei Man} autliois have obseived these tumois, in con- 
nection with exophthalmic goitei and Bloodgood^® in this coiintiy has 
lepoited such cases, but came to the same geneial conclusion to which we 
haie been led, vu , that the association is accidental and in no ^en^e causal 

3 UIGIILY COMPLICATED GOITER 

We mil meiely mention the foiii cases diagnosed as exophthalmic 
goitei. in vhich highl} complicated old colloid goitei s weie lemoved 
The structuies weie so distuibed by hemoiihage, c}st-foiniation, calci- 
fication, ciicumsciibed tumoi nodules, etc, that it was impossible to 
gam an} conception of the lelative impoitance of the seveial stiiictiiial 
alteiations 

II Thy:mus, Spllen and LY:MPn-GLANDs 

The changes in these oigans aie as sinking and as constant as those 
of the th}ioid In the past, little impoitance has been attached to these 
tissues m desciibmg the pathological anatomy oi exophthalmic goiter, 
although the occuiience of changes has long been noted Duiing lecent 
years the lymphoid hypeiplasia has atti acted much attention and to-day 
ve aie forced to give to these oigans a place of equal impoitance in the 
pathological anatomy of exophthalmic goitei, to that held by the thyioid 
Theie aie observeis who look on l}mphoid hypeiplasia as a complicating 
factor in exophthalmic goitei — piefeiring to spealc of exophthalmic goitei 
and lymphatism — lathei than as an integral part of the same process 
The constancy with which lymphoid hyperplasia occurs in exophthalmic 
goiter and the definite paiallelism between the degree of lymphoid hypei- 
plasia and the thyioid hyperplasia m then piogiessive stages, cannot now 
be passed as accidental Just as the thyroid hyperplasia is not specific 
foi exophthalmic goitei, so also the lymphoid hyperplasia is not specific 
Identical changes in the thymus, sjileen and lymph-glands constantly 
occui in status lymphaticus and frequently in cietmism, myxedema, acro- 
megaly, myasthenia giavis, epilepsy, achondroplasia, rickets and the so- 
called simple goitei 

I THE THYXIUS 

■\Vhile Markham first noted enlargement of the thymus in exoph- 
thalmic goiter, it was not until Mane in 1888 suggested that there might 

9 Maiine and Lenhart The Archiies Ixt XIed, 1911, 'ni, 50G 

10 Bloodgood Surg Gynec and Obst , 190G, ii, 121 
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bp a ^‘levivescence” of the involuted thymus in exophthalmic goitei that 
inoie genei al interest was aroused The moie lecent studies of Hait, 
Gieike^ Thoinebecke, Hektoen^ Capelle^ Waithin^ Kocher and otlieis have 
demonstiated the constancy of the thymic hypeiplasia in exophthalmic 
goiter The degiee of hypeiplasia piesent vanes with the age of the 
patient, the duiation and seventy of the disease and most certainly with 
other still unlcnown factors Thus, in young individuals the gland 
thioughout IS composed of elastic, grayish-pink and opaque tissue, while 
in oldei subjects theie aie usually accumulations of fat in the lobules, 
giving them a yellowish tianslucent appearance with patchy giayish aieas 
of thjmie tissue Histologically, theie are no distinctive featuies fiom 
the hypeiplasia of status lymphatieus oi myxedema oi even the noiraal 
thymus 

Whethei legeneiation of the involuted thymus oecuis is difiScult of 
actual demonstration In support of Marie’s view may be mentioned the 
fact (1) that the thymus in a markedly involuted state persists through- 
out life and (2) that the thymus hyperplasia seen in cases of exoph- 
thalmic goiter developing after 40 yeais of age usually has maikedly 
1 educed numbeis of Hassall’s corpuscles This disproportion is probably 
due to the fact that Hassall’s corpuscles, being only the atiophic vestiges 
of the thymic ducts, aie incapable of regeneration 

II SPLEEN 

Splenic enlargement is the lule This enlargement is in pait due to 
the hypeiplasia ot the Malpighian corpuscles and the genei alized scleiosis 
The organ is firm to the touch On section the Malpighian coipuscles 
are distinct and enlarged The capsule and trabeculae are thickened 
Histologically there ai e no distinctive featuies by whiCji the splenic 
enlargement in goitei may be separated fiom those seen in the status 
lympliattcus group 

III lymph-glands 

The lymphoid tisMie increase is general It involves both the formed 
lymph-nodes and the small scattered nests of lymphocytes in the frame- 
work of several viseeia, as the thjaoid, livei and kidney In all the casea 
of exophthalmic goitei with well-marked active thyroid hypeiplasia, we 
have observed lymph foci in the thyroid stroma These areas vary fiom 
small collections of lymphocytes to larger areas with well-foimed gei- 
niinal centers They also vary with the degree of general lymphoid hypei- 
plasia The Peyei’s patches and solitary follicles of the small intestine 
and colon lespectively are enlarged The tonsils aie also frequently 
enlarged and adenoid growths in the nasophaijmx are commonly ^een 
Histologically', the individual lymph-follicles appear normal In older oi 

11 Waitlnn In Osier and McCiae's Modern Medicine, Phila , 190S, iv, 789 
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long-standing cases tlieie is nsnally a geneial inciease in the stionia which 
as Waithin^- has pointed out may go on to connective tissue oveigrowth 
Mith atiophy and disappeaiance of the paienchyma cells It will be 
leealled that the thjioid nia} undergo a similar scleiosis and atiophy of 
the paienchyma cells in the late stages of compensatory hypeiplasia The 
hmphoid elements of the bone-maiiow may be incieased 311st as occa- 
sionally occuis m lymphatism 

III The Hervods SysTEar 

The lesions thus far lepoited aie neithei constant uoi suggestive of 
any specific gioss abnoimality In the biain small hemoiihages and aieas 
of softening are occasionally noticed In the medulla, aieas of softening 
and punctate hemoiihages have also been found, but with no constancy 
of oceuiience 01 location Atiophy and scleiosis of one 01 both lesti- 
foim bodies and of the solitaiy tiact aie likewise only occasionally piesent 
In the ceivical sympathetic tiunks atiophy of the ganglion cells in one 
01 in all the ceivical ganglia accompanied by fibiosis, pigmentation and 
small lound cell-infiltration have been leported, but in a ma30iity of the 
specimens examined, whethei at autopsy 01 at opeiation, no lesions could 
be made out The lesions of the periplieial nervous system and the spinal 
cold can be aseiibed to the general state of nutiition and the accidental 
association with othei diseases The absence, howevei, of any constant 
gloss lesion does not preclude the piobability that the cential nervous 
system is piofoundly affected, but suggests, as Goweis^^ states, ^ffhat the 
raoibid state of the neivous s-^stem is one of that finer cell-nutiition that 
still baffles oui means of investigation ” 

IV Heart 

The heart hyper trophies with the development of active thyroid 
hjpeiplasia (goiter) m all ammals thus far studied, including the fish, 
dog, sheep, ox and man The cardiac hypertrophy in general vanes with 
the size of the hyperplastic thyroid The most marked and perhaps 
simplest t5rpe of heart hypertrophy is seen in cretins (lambs, pups and 
children) Taking the goitrous cretin pup as the most familiai example, 
it IS found that the whole musculature of the heart is hypertrophied The 
ventricles apiieai relatively more enlarged than the auricles Both 
ventricles are also dilated Histologically, the muscle is of normal 
ajrpearanee The heart valves are normal The infer lor vena cava is not 
enlarged, while the superior cava and all its communications leading fioin 
the thyioid are dilated and then walls hypertrophied Clinically, venous 
pulsation IS nearly constantly piesent in these pups and maj usually be 

12 Warthm In Oslei and McCiae’s Modem Medicine, 190S, iv, 77S 

13 Goweis Diseases of tlie Xeivous System, Pliila , ISSS, p 1211 
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lecoguizecl at some distance fiom the animal, thus showing the extent of 
the insufficiency of the auiieular oiiffce of the supeiioi cava The pulmo- 
naiy aiteiy is also enlaiged The pulmonai;y veins aie not paitieulaily 
enlaiged The aoita is enlaiged as fai as the left carotid bianch, and it 
IS not unusual to see the left eaiotid aiteiy as large as the aorta beyond 
this branch Both carotid trunks appear to teiininate in the superioi 
th3roid aiteiies and the internal carotids and the lemaining branches 
of the external carotids appear as relatively small branches of these main 
trunks In dogs with large goiters the much enlarged arteries are theie- 
fore mainly the thyroid arteries We have also been able to follow the 
regressive changes in these arteries as the hyperplasia involutes to its 
colloid 01 quiescent state and to note the gradual lessening of the size 
of these arteries and the development of endo-axteiial thickening with 
calcification (in man and sheep paitieulaily) in the late stages We have 
also observed under such conditions that the heart becomes smallei This 
IS the simplest manifestation of the so-called “^^goitei heait ” It leseinbles 
in all respects the h}perti opines resulting from work, and there appears 
to be no leason for regarding it as different 

In human goiter tlie early anatomical changes as above described for 
dogs occur, but m the long-standing cases in adults, and particularly in 
exophthalmic goiter, secondaiy changes affecting the valves, the arteries, 
the ni30caidium and the conductivity ot impulses often develop As 
there are many views concerning the significance of these late changes, 
it would take us too far afield to consider them here 

Concluding, then, we would again emphasize that the cretinoid states 
in the very young animals offei the simplest and best material for the 
study of the uncomplicated ^‘goiter hcait,"’ and that such studies indicate 
that the condition is piimarily a rvoik-hypertioph}^ The secondary and 
subsequent changes aie moie intiicate and peihaps dependent on a failing 
nutrition 

Y Skeletal Muscles 

Askanazy^^ has called attention to the general distuibance in the 
nutiition of the skeletal muscles In his toui cases he found, in associ- 
ation with the atiophy of the fibers and the loss of noimal stiiation, tat 
deposits in and aiound the fibers which he has likened to the fatty meta- 
morphosis seen in progressive mn&culai dj'stiophy The occurienee of 
fatt}’’ changes in the eye-muscles was known to von Eeeklmghausen and 
Buschan Profound muscular weakness is often present m this disease 
without coi responding i eduction in the muscle bulk, and it is pos-ible 
that the fatty metamorphosis is in some way related to this phenomenon 


14 Askanazy Deutseli Aich f klm Med, 189C, Ki, llS 
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VI Boxe 

The development oi osteomalacia dm mg the coiiise of exophthalmic 
goiter has been observed by ion Eecklinghansen, Haemig, Revilliod, von 
Jaksch and H Eatky, Hoennicke and otheis The association of thyioid 
hypeiplasia iiitli endemic osteomalacia is well known, and it is doubtful 
M bethel the osteomalacia developing in exophthalmic goitei is of any 
gieatei oi dift’eient significance than the osteomalacia with goiter in 
general Both the goitei and the bone changes aie piobabty secondary to 
some nioie general distiiibaiice The moie piominent bone changes aie 
decalcification, inci eased vaseulaiih of the peiiosteum and widening oi 
the Haveisian capillaiies 

VII Liver 

In a significant nimibei of the long-standing cases coming to autopsv, 
ciirhosis of the livei has been obseived In the gross such livers aie 
1 educed m volume, sometimes smooth, sometimes slightly graniilai and 
again distinctly hobnailed Tlie extent ol the connective tissue increase 
vanes from a slight thickening of the poital spaces to well-inaiked 
fibrous bands The livei-cells usually exhibit some degree of fatty 
metamorphosis 

VIII Blood 

The oecuirence of high giades of chloiotic anemia is probably less 
common now than forineil} Bigelow^** mentions its fieqnent association 
with the patients he saw in Boston and adds that in London in 1857 
nothing vas more common than ‘Tale, anemic, v\eak girls with goitei 
and staling eyes^’ Chvostek^" has also lemaiked on the association 
To-day, while slight degrees of the chlorotic t}pe of anemia^'’ aie often 
present and while tine chlorosis is usually associated with thyioid hypei- 
plasia and often with mild manifestations of the exophthalmic goiter 
S 3 mptom-complex (Viichow and Stengel), theie does not appear to be 
any special relation between the exophthalmic goiter syndrome and the 
changes in the red blood-tissue There aie distinct and lelatively 
constant, but in no sense specific, alteiations m the ratios of the white 
blood-cells The total number ot white blood-cells is but slightly altered 
As Sawyer, Koclrei, Buehler, Kappis, Van Lier, Carpi and otheis have 
shown, the change is a decrease in the number of the polymer phonueleai 

15 Theie have been bix post moi tern examinations of fatal cases at Lakeside 
Hospital (Autopsy Hos 474, 777, 966, 1131, 1171, 1211) Theie were fom 
males aged G5, 55, 44 and 20 yeais, and two females aged 56 and 31 veais In 
five of the cases theie nas well-inaiked thickening of Glisson’s capsule tliioughout 
the liver and in foui a diagnosis of atrophic ciiihosis nas made 

16 Bigelow Boston Med and Surg Joui , 1859 60, Ixi, 37 

17 Chvostek Wien klin Wchnseln , 1893, vi, 487 

18 Roth Deutsch med Wchnsehr , 1010, xxxvi, 258 
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leukocytes and an inciease in the lymphocytes and mononuclear leuko- 
cytes Van Liei^** hnds in foity-five cases of tiue exophthalmic goiter 
that averages of fiom 8 to 10 per cent of all white blood-cells aie mono- 
nucleai leukocytes and that averages of fiom 35 to 45 per cent of all 
white blood-cells aie lymphocytes Extiemes of 16 pei cent of mono- 
nucleais and 57 pei cent of lymphocytes have been reported We have 
found that theie is a close paiallelism between the peicentage of mononu- 
cJeai cells in the cii dilating blood and the extent of the active lymphoid 
and thyioid hyperplasia The blood examination is, therefore, the most 
aceiiiate clmical means of 3 udging the extent of active lymphoid hyper- 
plasia and, while in no sense specific foi exophthalmic goitei, is a fair 
index of the seventy of the disease 

3 RELATION OF lODIN CONTENT TO GLAND STRUCTURE 
The published obseivations concerning thyioid lodin in its relation to 
exophthalmic goiter have shown no iinifoimity The causes of these 
widely different results aie the same as those which caused the widely 
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Table 2— Iodix Coxteats, Colloid Series 


Anatomical 

Gioups 

Puie Colloids 

Colloid-eaily glandular hypeiplasia 

Colloid eai ly moderate glandular hypei plnsia 
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different conclusions concerning the anatomical changes lodm varia- 
tions aie moie quickly and more easily produced than stiuctura vaii- 
ations Both lodin content and gland structure aie subject to rapid 
natuial changes in all animals, and when m addition to these natiual 
chancres one has to consider the artificial vaiiations fiom one cause and 


19 Van Lier Beitr r khn Chii , 1910, Kiv, 201 
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another to which human thyioicls as a gioup, and exophthalmic goiter 
thjroids in paiticulai, are sub3ect, it becomes evident that no fundamental 
01 geneial conclusions can be diawn until one has collected a laige series 
of lodm determinations, and at the same time has a general knowledge 
of the natural and expeiimentally mdueed vaiiations in man and the 
lowei animals Then, by excluding ail glands whose stiuctural changes 
aie so manifold as to be iiieducible to some single tjipe, it is possible to 
diaw conclusions concerning the relation of lodin to stiuctuie 



Fig 5 — Normal senes, aveiage lodin contents 


In our senes there were sixty-nme glands m which such comparisons 
were 3 ustifiable Eleven of these glands have been excluded from the 
accompanying tables (Tables 1 and 3) for the reason that lodin had been 
given so lecently (two to three weeks) that at the time of removal they 
were still actively hyperplastic In three, adenomata only were removed 
An examination of these tables shows that the normal or normal- 
colloid and the pme colloid glands have the highest peicentage lodm 
contents, and that the marked hj-peiplasias have the lowest lodm contents 
In the accompanying curves (Eigs 5 and 6), made from the average 
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TUB ARC [liras OF IRTEltRAL MEDWINB 


peuen age lodm coste^fe. tt.,s ,e]ahon is moie giaphieally shown Heie 

I ill r '' 1°*’ “ f'om the nomal 

Ice Tif “ T T f'”' ’'“tological changes take 

p ace Plus gieat dlop is similai to that constantly found in the do. 

Sheep, pjg, ox and human thyioid senes pieviously repoited/« and we 

ascribe the same significance to it as nas then given foi thyroids in 

geneial, vi/ , "'that the percentage of lodin which noimal oi colloid 



th}ioids may contain is vaiiable, but the peicentage necessniy to maintain 
normal or colloid gland stiuetnre is quite constant” Passing to the 
several degiees of active hyperplasia, it is seen that, just as in all the 
lonei animals and in the non-e\ophtlialmic human senes, theie is a moie 
giadnal but piogiessive lessening of the peicentage lodin content, ii 


20 Mai me and Lenliart Tul Arcuiies Med, 1900, n, ■140 
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leaclies its lowest amount in the maiked hyperplasias both of the noimal 
and colloid senes 

The eight cases of exophthalmic goitei with adenomata were grouped 
as follows SIX with the fetal adenomata and two with the simple adeno- 
mata The lodin contents of the six fetal adenomata were 0 0^ 0 0, 0 01, 
0 08, 0 08, and 0 14 mg pei giam of dried tumoi The two simple 
adenomata contained 0 35 and 0 38 mg lodin pei giam of diied substance 
In thiee of these cases the tumoi alone was lemoved and m five a portion 
of the non-tumoi thyioid tissue in addition was lemoved A compaiison 
of the peicentage lodin contents of the tumoi s with those of the surround- 
ing oiigmal thyroid tissue in each coiiespondmg case (Table 3), shows 
that no relation exists between them, even in those cases (two) known to 
have leceived lodm medication The suiioundmg thyroid tissue in all 
five cases was very high in lodin, while the tumors weie very low in lodin 
Thus, while the original thyroid tissue is capable of taking up lodin 
lapidly, the tumoi tissue has no such capacity, and we have taken advan- 
tage of this fact as an aid in sepaiating tumoi s fiom physiological hypei- 
plasias, both clinically and anatomically 

Summing up the i elation of lodin to thyroid structuie in exoph- 
thalmic goiter, it IS seen that the same relations exist as were found true 
for othei animals’ thyioids and for the non-exophthalmic human thyioids 
as well, VIZ, that the percentage lodin content vanes inveisely with the 
degiee of active epithelial hypeiplasia Hence, the changes m the lodin 
content, ^ust as the morphological changes in exophthalmic goiter aie 
only those common to all developing goiteis in all the animals examined 

It becomes increasingly difficult to draw accurate conclusions concern- 
ing the relation of lodin to thyroid stiucture as one passes from the 
lower animals to man and fiom human thyroids in general to exoph- 
thalmic goiter, for the reason (1) that human goiters rarely continue 
their couise for long undisturbed, and (3) that the thyroid is easily 
and quickly modified both as to structures and lodin content in a variety 
of ways which leach their numerical acme and complexity in exophthal- 
mic goitei Some of the major factors known to affect both the structure 
and the lodin content aie rest, diet, drugs, intereurrent infection, 
locality, age and the duration of the disease 

Expeiimental observations on the effect of the administration of lodin 
in exophthalmic goiter are necessarily disconnected There were eleven 
cases (one colloid-moderate-marked hypeiplasia, seven colloid-moderate 
hypeiplasias and three colloid-early hyperplasias) in which the patients 
were tieated with lodin from one to three weeks prior to opeiation In 
all of the cases, the lodin contents of the thyroids were markedly raised, 
and in none had complete involution to the colloid state occurred There 

21 Marine and Lenliait The Archives Int Med, 1911, vii, 506 



TABLE 3— CLINICAL OBSERVATIONS 


Seiles 
Number, 
Histoiy 
Number, 
Sex, Age 


H-427 
iOSO P W S 
Male 


H-SS2 
4441 P W S 
Male 
16 


H-43T 

5152 PWS 
Male 

42 

H-232 
3575 PWS 
Male 

43 

H 441 

4920 PM S 
Female 
32 

H-?>r)4 

4110 PWS 
Female 
31 


H-231 

PM^S 

Male 

24 

H 267 
PWS 
Male 
20 

H401 

4626 P IV S 
Female 
S3 

H 214 

3493 P WS 
Female 
37 


H 222 
3543 PWS 
Frniale 
54 


Major Com- 
plaint 

Date of Admis- i 


Goiter 

Duration, Consist- 
ency, Symmetry, 
General Nutrrtlon 


Myxedema Prominent Nervous 


Manifestations 


Features 


O 1^0 

8 a 


Goiter, 
tachycardia 
Jan 5, 1910 

Goltei, 
dyspnea, 
tacbyoaidia 
May 25, 1009 


Srx months, soft. No mention of Muscular weakness, 
svmmetircal, sweating, 

pulsation, insomnia, + 

well nourished tremor ’ 


Fight yis lodin, drs Loss of hair 
ippeared, reappeared 
1 8 mos , soft sym- 
metrical well 
nourished 


Muscular weakness, 
sweating, 

irritability, -\- 
tremor 


Dyspnea, Five months, veiy Loss of body and Muscular weakness, 
neivousness small, sjmmeltical, scalp haxi dianbea 

Match 20, 1910 firm, thrill, tremor, 

fait nutrition restlesness 

Neiwousness, Fifteen months, very No mention of Muscular weakness. 


weakness 
March 27, 1903 


Goiter, 
weakness 
Dec 20, 1909 


M'eakness 
tremor, 
palpitation 
Jan 4, 1900 


Goiter, 
sw eating 
May 19, 1908 


Palpitation 
July 19, 1908 


Goiter, 
extreme 
nervousness 
July 26, 1909 

Nervousness, 
palpitatron 
Feb 17, 1908 


small, symmetrical, 
firm, thrill, 
emaciated 

Eight months soft. Marked general 


symmetrical, 

small, 

well nourished 


loss of hair 


tremoi, 

sweating 


Skm flasnes, 
sweats, 

musiulai weakness, 
tremor 


17 years, euied by General loss of Mental depression, 
lOdin , reappeared 5 hair , general muscular weakness, 
jis ago, operated, brownish tremor, 

relapsed 3 years pigmentation diarrhea 

ago, lobe small, firm 
emaciated 


Six years, small No mention of 
soft, 

svrametiic<a) 
well nourrshed 

Seven months soft, Loss of body 

small, thrill, hair 

symmetrical 
poor nutrition 

Six months, soft. Loss of hair 

symmetrical 

lost 55 pounds in I 

sK months 

Two years, seft, 

I sjmmetncal, mod- patchy pigmeiMa 
erate enlargement, tion , loss or 

well nourished haxr general 

ihree weeks, small. No mention of 
soft, 

symmeti ical 

Six months soft. No mention of 
medium srzed, 
symmetrical, 
well nourished 

For many years No mention of 
symmetrical, 
firm, 

poorly nourished 


Loss of body 
hair 


Loss of hair 


Goiter, 
weakness 
March 16, 1908 


Shortness of 

3309 PWS breath, 

Female palpitation 

23 Oct 17, 1907 


Goiter 
neryousness 
May 22 1910 


H-443 

5322 P M S 
Female 
56 


H-SSS Goiter 

4467y. PV S neiyousness 

Female Tune 6, lOOU 

27 


Muscular weakness, 
tremor, 
sweats 
diarrhea 

Extreme muscular 
w eakness, 
dianhea, tremor, 
melancholia 

Constant vomiting, 
sweats, 
diarrhea 

muscular weakness 

Melancholia, 

extreme 

w eakness -f 


Melancholn, I 

S mouths extreme j 
muscular weakness, 0 
tremor 

Skin flushes, 
irritability 
diarrhea, -f 

weakness 

M'eakness, 

tremoi, 

palpitation + 


Pulse 

Before 

Operation 


•J th 

- ^ c 

S'rfeS 

XJr; o 


• Record lost 


! 

t 

3 





IX C\SES OP EXOPHTHALMIC GOITER 


Pulse After Opei'ition 

1 High 2 Low 

3 Average 

Tempera- 
ture Before 
Operation 

Temp After Oper'n 
1, high , 2, low , 3, a\ 



Outcome 

I (immedi- 
ate) 

Remarks 

Ct 

P 

ir 

rl" 

Vi 

f— r 

P 

O 

a 

a 

CC 

>i 

r; 

p 

-3 tt} 

Ci *5 

o;=: 

2-1 

a 

2 

Ji tc 

-1 

2fo?S 

>> 

'} 

Q 

t-i ' 

/i ' 

rt 

P 

'Zi 

a 

o 

o 

o 

m 

P 

Q 

>3 

fl 

P a 

So 

Anatomical 

Diagnosis 

Gram 

of Duel 

Gland 

m Mllli 

grams 

Portion 

of Gland 

Removed 

115 

ISO 

132 

130 

110 

120 

115 

105 

no 

95 

21 dajs 

,, ' 

99 

98 1 

9S 7 

1015 
101 1 
103 

1 

104 6 

102 5 

103 5 

103 5 
102 
103 

9th 

Marked 

glandular 

hjpeiplasia 

Tiace 

(not 

measur 

able) 

Improved 

Henri 

thvioid- 

ectomy 

150 

130 

140 

ISO 

140 

160 

1 

95 

19 days 

99 3 

99 7 

97 8 

99 

102 
101 1 
101 5] 

104 
103 61 
103 7' 

106 

103 6 

104 5 

8th 

Marked 

glandular 

hyperplasia 

Trace 

(not 

mcasnv 

able) 

Improved 

Double 

partial 

lobectomy 

120 

105 

110 

115 

95 

105 

1 

95 

11 days 

99 5 

99 5 

98 

98 7 

1 

101 
100 
100 5 

1 

100 5' 
100 j 
100 3 

100 
99 5 
99 8 

6th 

Marked 
glandular 
hyperplasia , 
fibrosis 

0 OS 

Improved 

Ilemi- 

thyroid- 

ectomv 

162 

110 

130 

140 

90 

105 

102 

70 

85 

So 


98 5 

98 

98 

98 2 

il02 

98 

IlOO 

1 

1 1 

102 
' 98 1 
TOO 1 

101 5 
99 
100 

6th 

lilarked 
glandular 
hyperplasia , 
fibrosis 

0 12 

Improved 

Partial 

double 

lobectomy 

145 

120 

130 

150 

140 

145 

130 

no 

120 

105 


98 

95 

98 

98 6 

102 

100 

1015 

101 5 

100 5 

101 

H 

12th 

Marked 

glandular 

hyperplasia 

0 13 

Improved 

Ilemi- 
thy loid- 
ectomy 

150 

130 

135 

1 



2 days 

99 

99 

98 2 

99 

ilOO 

98 

99 5 

1 

i 

102 5 
99 
101 



Marked glandular 
hyperplasia, 
fibrosis and 
myxedematous 
atrophy 

0 13 

1 

1 

Died 

! 

Ligation 
of aitery, 
small bit 
of lobe 
lemoved 

160 

105 

120 

1 

125 

90 

115 

70 

15 days 

99 2 

99 2 

98 

98 1 

102 4 

100 7 

101 

102 
101 
101 5 

1 

102 

100 5 

101 

9th 

Marked 

glandular 

hyperplasia 

0 28 

Improved 

I 

Hemi- 

thyroid- 

ectomy 

195 

160 

170 

1 


1 

150 

90 

|135 


4 dajs 

99 2 

102 

98 

99 

104 

101 

103 

103 

99 

102 

106 

99 5 
104 

'loss 

103 

108 

1 

Marked 

glandular 

hyperplasia 

0 21 

Died 

Hemi- 
thyroid- 
ectomr , 
autops/ 




1 


101 5 

101 5 

98 

98 6 




! 

Marked 

glandular 

hyperplasia 

0 31 

Died 

Hemi- 

thyroid 

ectomy 

ISO 

160 

170! 




2 days 

98 

98 

97 

97 5 

103 

100 

102 

107 

104 


i 

Marked glandular 
hyperplasia 
fibrosis, 
myxedematous 
atrophy 

0 54 

Died 

Hemi- 

thvioid 

ectomj 

1 

i 

1 

1 

i 


1 day 

100 

100 

98 

99 

99 

i 



i 

Marked 
glandular 
hyperplasia , 
fibrosis 

0 58 

Died 

1 

Partial 

double 

obectomy 

1 



1 

3 hrs 

99 4 

100 

97 

98 4 

105 
107 5 




Moderate marked 
glandular 
hyperplasia 

0 31 

Died 

Hem I 
thyroid- 
ectomy 

130 

110 

120 

112 

100 

110 



i 

16 days 

98 5 

100 5 

98 

9S 5 

101 
100 
100 5 

101 

99 5 
100 

99 8 
99 
99 2 


Moderate marked 
glandular 
hyperplasia 

OSS 

Improved 

Hem I 
thyroid- 
ectom\ 





12 days 






Moderate marked 
glandular 
hyperplasia 

0 38 

Improred 

Heml 

thyroid- 

ectomy 


* Record lost 
























TABLE 3 (Continued) — CLINICAL OBSERVATIONS 


Senes 

Numbei, 

Histoiy 

Numbei, 

Sex, Age 

Ma 40 i Com- 
plaint 

Date of Admis- 
sion 

Goitei 

Duration, Consist- 
ency, Symmetry, 

General Nutrition 

Myxedema 

Manifestations 

H-433 

5147 P M S 
Female 

17 

Nervousness, 
tachycardia 
Maicb 29, 1010 

Six years, soft, 
symmetrical, 
small, 
emaciated 

Geneial pigmen 
tation , 
loss of hail 

H 270 

3775 r W S 
Male 

35 

Iloadaehe, 

vomiting 

July 15, 1908 

Four weeks follow- 
ing influenza, small, 
symri'ettical, firm, 
poorly nourished 

No mention of 

11-230 

P WS 
Olale 

22 

Loss of neivous 
contiol 

June 0, 1908 

No thvraid enlarge- 
ment, firm, well 
nourished 

No mention of 

H-450 

5360 PWS 
Female 

20 

Nervousness, 
tacbycaidia 
Sept 20, 1910 

Palpable thyroid, 
firm, 

well nourished 

No mention of 

n-402 

406 3 P W S 
Male 

22 

Noivonsuess, 
tachycardia 
Sept 20, 1909 

Palpable thyroid, 
firm, 

well nourished 

Loss of hair 

H 434 

5200 PWS 
Female 

45 

Nervousness, 
tachycardia 
April 7, 1910 

SHgnt enlargement 
of right lobe two 
vears, firm, 
well nourished 

No mention of 

H 239 

Female 

45 

Nervousness, 
weakness 
Apul 21 1908 

Two years, small 
mass on right side, 
firm, 

well nourished 

No mention of 

H SI*? 

4008 PWS 
Female 

27 

Dvsmenonlita, 

weakness 

Dec 5, 1908 

Palpable thyroid, 
firm 

well nourished 

No mention of 

H 429 

4973 PWS 
Male 

16 

Dyspnea 

Jan 20, 1910 

Nine months, 
svmmptiical, 
firm, 

well nourished 

Loss of hail 

H 371 

4230 PWS 
Female 
40 

Goiter, 

dyspnea 

Feb 26, 1009 

Tw entv six years, 
sj mmetrlcai, 
firm 

well nourished 

No mention of 

H 372 

4300 PWS 
Female 

57 

Tumor of 
neck 

March 3, 1909 

Seven vears 
mainly on right 
side, firm, 
wtl! nourished 

Fo mention of 

H 212 
34S7 P M S 
Ft 111 lie 

20 

Goiter 

rob 4, 1908 

Ten vears, 
firm, 

symmetrical, 
well nourished 

No mention of 


Piominent Neivous 
Featiues 


Extreme muscular 
weakness, 
sweating, 
tiemor 



Gradual general 
weakness 

following influenza 


120 

125 

00 

105 


General 

neurasthenia 


0 


4 


90 

93 

72 

90 


Tiemor 

musculai weakness, 
sweats 


+ 

f 


104 

104 

SO 

93 


Nervousness, 

diatihea 


0 


5 


00 

on 

70 

SO 


Menopause, 

weakness, 

tiemoi 


+ 


S4 

S4 

O'. 

r ) 


kluscular weakness, 
sleeplessness, 
nervousness 


100 

112 

00 

100 


Irritable 

neuiasthenia 


0 


12S 

12S 

SO 

S3 


S monthb noticed 
tremor, 
sweating, 
weakness 


03 

03 

()’ 

70 


Dizziness 
giadual weakness 
for last six 
years 


Of 1 


Tremor 

Iriitabllity 


100 

100 

k3 

02 

00 

107 

0(1 

ton 


Weakness, 
sw eating, 
hysteria 


so 

inO 

70 

Ou 








IX CASES OP EXOPHTHALMIC GOITER 


Pulse After Operation 

1 High 2 Low 

3 Average 

Tempera- 
ture Befoie 
Operation 

j 

Temp Aftei Oper’n 
1, high , 2, low , 3, av 



lodin 

per 

Outcome 

Remaiks 





2 3 

i n 

1 





Diagnosis 

Gram 

Poition 

>5 

O 

S3 

Q 

a 

Q 

4-i O 

C3 

o ^ 

<ri 

S—'S 

Admlssio 

High 

Low 

Average 

5 

C3 

Q 

O 

St: 

So 

"A >. 


Anatomical 

of Diiec 

Gland 

1 (immedi- 
ate) 

of Gland 

W2 

a 

o 

o 

o 

na 

3 

25 

0-2 « 

t-i 

/I 

c 

o 

o 

o 

3 

a 

30 

> c 



in Milli 

giams 


Removed 


02 


< 


1 r-llMMVt 

1 

m 













101 






Moderate- 

0 69 

Died 

Hemi- 





9 hrs 

101 






marked 



thyroid- 

ISO 




98 

98 S 

101 





glandular 

hyperplasia 



ectomy , 
weight. 















35 gm 

ISO 

190 

140 



98 






Moderate- 

0 81 

Improved 

Heml- 



99 

100 5 

100 

100 



marked 


thyroid- 

ectomy 

120 

120 

no 

80 

10 daj's 

98 

99 

99 

98 

4tli 


glandular 



loO 

160 

125 


98 2 

100 2 

99 2 

1 

1 99 



hyperplasia 



110 

137 

135 



98 


102 




Xormal 

0 77 

Impro\ed 

Partial 



90 

102 

99 5 



early 


flonhlp 

no 

no 

120 

95 

11 days 

97 

100 5 

101 

98 

5th 


glandular 



hemi- 

120 

120 

130 


98 

101 

101 5 

99 



hj peiplasla 



thrioid 
ectomy , 
















rvt of 
tissue 















removed, 















13 gm 

132 

120 

no 



100 4 






Normal 

1 54 

Improved 

Hemi- 

SO 


100 4 

101 6 

100 

99 



thyroid 


thyroid- 

100 

105 

85 

14 days 

97 5 

98 3 

99 

98 

4th 




ectomy , 

no 

112 

95 


98 0 

99 5 

99 5 

98 6 






wt of ' 















portion 

removed, 









1 






12 gm 

130 

120 

130 



99 



! 



Normal 

4 00 

Improved 

Hemi- 

90 


09 

102 5 

101 

101 



thyroid 


thyroid- 

no 

105 

100 

13 days 

97 5 

100 

100 

lioo 

6th 




ectomy , 

120 

no 

115 

1 



OS 

101 

101 

100 5 





I 

wt ot 
gland, 16 5 















gm 

100 





99 5 





1 

Normal colloid 

0 96 


Hemi- 

105 

85 

82 


99 5 

90 5 

99 6 

99 



(senile type) 


Improved 

thy 1 Old- 

00 

90 

78 

21 days 

08 

09 

99 

98 

4th 

2 

Fetal aden- 

0 01 

ectomv , 

OS 

100 

j 80 


98 2 

99 3 

99 5 

98 8 



oma 



wt of 
tissue 
















removed. 


1 













10 gm 





1 

98 G 





1 

Normal colloid 

1 19 


Partial 

150 

125 

120 



09 

100 2 

101 2 

101 2 


2 

Petal aden- 


Improved 

hemi- 

120 

112 

no 

80 

14 days 

98 6 

99 1 

99 6 

100 

8th 


oma 

0 14 


thj roid- 

12o 

120 

115 


98 6 

100 

100 5 

100 5 






ectomy 






00 5 





1 

Normal colloid 

1 92 


Hemi- 

115 

120 

120 



00 5 

100 5 

101 

101 


2 

Fetal aden- 


Improved 

thyroid- 


115 

100 

80 

22 days 

07 6 1 

99 

100 

100 

7 th 


oma 

0 00 


ectomy 

112 

117 

no 


98 6 

100 

100 5 

100 5 












100 




1 





Hemi- 

125 

130 

no 



100 

103 

104 

103 



Pure colloid 

1 00 

Impioved 

thyroid- 

100 

100 

95 

90 

12 days 

97 

101 1 

102 

101 

7th 





ectomy 

no 

lllo 

100 


98 7 

102 

103 

102 












08 2 






Pure colloid 

1 08 

Improved 

Hemi- 

130 

120 

115 



08 4 

102 

100 5 

100 






thyroid- 

no 

t 07 

95 

100 

12 days 

OS 

100 

100 

98 

4th 






125 

no 

105 


98 2 

101 

100 3 

99 












QR 




1 

1 

1 

Pure colloid 

1 15 

Improved 

Ilemi- 

13o 

. 133 

. 125 



OS 2 

103 

103 4 

104 

i 

0 

1 

Simple aden- 


thyroid- 

ectomv 

12C 

• 120 

1 120 

90 

> 35 dajs 

07 5 

90 

102 

102 

nth 


oma 

0 25 


12S 

1 125 

, 123 


98 

101 

103 

103 5 












08 


102 5 

101 5 



Pure colloid 

1 28 

Impioved 

Hemi- 

tbvroid- 

lie 

) 155 

; 140 

1 


90 

103 

6th 





ectow} 

OC 

) 9C 

t 120 

1 So 

i 12 days 

97 

09 

101 

100 





lot 

) 12C 

» 130 

1 

1 

98 2 

101 

101 5 

100 5 

i 
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Goitei 

Diuation, Consist- 
ency, Sj mmetiy, 
Geneial Nutiition 


Mjsedema 

Manifestations 


Piominent ^%vous 
Peatuies 


cq 

•M O 

O T* 
tH ® ' 

Hai 


a 


Pulse 

Befoie 

Operation 


§ 

^ 'i 
2ms j 


H-447 
P W S 
I’ emale 
17 

H400 

4805 P W S 
Female 
55 

H- 

3255 P5VS 
Female 
31 

H-40G 
4778 PWS 
Female 
38 


3: 68 PWS 
Female 
29 


345b PWS 
Female 
22 

H-411 

4725 P W b 
Female 
20 

H 445 

5487 P W S 
Male 
56 


11-204 
G S S 
Female 


11-390 
4306 PWS 
Female 
18 

H 359 
PWS 
Female 
32 

H-20S 
3441 PWS 
Female 
24 

H-419 
4823 PWS 
1 emale 
37 


H'236 
3012 PWS 
Female 
19 


Goiter, 
palpitation 
Sept 8, 1910 


Neivousness 
Nov 3, 1009 


Palpitation 
Sept 8 1907 


Goitei, 
neivousness 
Oct 22, 1009 


tlieumatism, pal 
pitation, oiganic 
heart lesion 
Nov 0, 1907 

Goiter, 

abdominal 

pain 

Jan 7, 1008 

Goiter, 
nervousness 
Oct 16, 1009 


Weakness, 
mental 
deteiioration 
Sept 8, 1910 


Goiter 

Jan 5, 1908 


Tiimoi of 
neck 

Vug 17, 1909 


Goiter 
neivousness 
Jan 21, 1909 


Hoarseness, 

goiter 

Dec 30, 1907 


Goiter, 
neivousness 
Nov 11, 1909 


Goiter, 
neivousness 
Apiil 6, 1908 


Sii. months, 
light lobe larger, 
film 

well nouiished 

Ten yeais, 
small, firm, 
Ejmmetrical, 
well nourished 

Twenty yeais, 
firm, 

symmetrical, 
well nouiished 

Sixteen \ears, 
small, him, 
symmctiical, 
well nouiished 

Six months, 
hard, small, 
symmetrical, 
well nouiished 

Bight yeais, 
film, 

symmetiical, 
well nourished 

Four years firm, 
symmetrical, 
adenoids, 
well nourished 

18 mos ago noticed 
small symmetrical 
enlargement , 
firm, emaciated 


Eight years, firm, 
large, 
emaciated, 
well nourished 


Three years, 
symmetrical, 
firm, 

well nourished 

Seven months, 
soft, small, 
symmetrical, 
well nourished 

Ten years, 
symmetrical, 
small, firm, 
well nourished 

Twenty years, 
right side larger, 
firm 

well nourished 


No mention of 


Loss of hair 


No mention of 


No mention of 


No mention of 


No mention of 


No mention of 


Loss of hail , 
general 
pigmentation 


None 


Four years 
symmetrical, 
firm, 

well nourished 


Slight loss of 
scalp hail 


No mention of 


No mention of 


No mention of 


No mention of 


Mothei dead, of 
exophthalmic 
goitei , 

weak, iiiitable 

Neuiotic for yeais, | 
sweating, 
tiemor 


Peiiods of 
melancholia, 
weakness, 
tremoi 

Tiemor, 
excitable foi 

eighteen | -f 
months 

Always neivous, 
broken 

compensation of 1 4- 1 
heait 

Always neivous, 

‘blues ” 


Always neivous, 
palpitation 


Profound 
weakness 
mental 
abei ration 


+ 


Typical example of 
lelative cure of 
exophthalmic |-f| 
goitei 


Somewhat 
neivous and 
weak 


Paioxysmal 
palpitation and 
neivous 
weakness 

Tremoi for four 
months 


Weakness, 
excitabilltj, 
slight tiemor 


Weakness, 
tremor, 
su eating, 
flushlno 


11 


+ 


llOj 

a 


ri 

>^i 


112, 

lOfj 

1081 


IN CASES OP EXOPHTHALMIC GOITER 


Pulse After Operation 

1 High 2 Low 

3 Average 

Tempera- 
ture Befoie 
Operation 

Temp After Opei'n 
1, high , 2, low , 3, av 


lodm 

per 


Remarks 













Outcome 





w 

a 




a 

Anatomical 

Gram 

Portion 






S a 






of Dried 

[ (immedl- 

P 

'2 

o 

<j 

o 

^ \ 

! 

a U) 

V C3 

^5 

iuie In E 
pital A1 
Opeiatio 

a-Sjgs 

>i 

c3 

P 

4-> 

J3 

P 

niS 

a 

o 

o 

a 

P 

3 

So 

£3 

3ft 

c 

Diagnosis 

Gland 

in Milli- 

giams 

ate) 

of Gland 

Removed 


y2 

- 

< 

1 

r-lMCOrj; 


DQ 


<JO 




1 





09 5 

! 


1 


Pure colloid 

1 54 

Impiovcd 

Hemi- 

104 : 

100 

95 



99 3 

100 5 

100 2 

99 5 




thyroid- 

90 

85 

70 

75 : 

11 days 

98 

99 8 

99 

98 6 

4th 




ectomy 

93 

95 

SO 


98 6 

100 

99 5 

99 





160 

165 




98 6 



i 


Pine colloid 

1 83 

Improved 

Partial 

160 



99 

103 

103 

102 5 




thyroid- 

130 

135 

140 : 

100 : 

25 days 

98 

101 

101 

100 3 

7th 




ectomy 

130 

150 

150 


98 2 

102 

102 

101 










99 6 



1 


Puie colloid 

1 88 

Died 

Hemi- 

IGO 





90 6 

102 3 







thyioid- 

140 




1 day 

97 7 

100 







ectomy 

130 




98 

102 

1 


1 





160 





08 

1 

1 

1 


Puie colloid 

2 00 

Improved 

Hemi- 

170 

165 



98 6 

1102 

101 

1101 5 




thyioid- 

135 

140 

140 : 

105 

13 days 

97 

99 

100 

101 1 

noth 




ectomy 

150 

160 

130 


98 

TOO 

100 5 

1 

jlOl 51 






95 





98 6 


1 



Pure colloid 

2 38 

Improved 

Hemi- 

90 

90 



98 8 

100 

100 

99 5 




thyroid- 

so 

80 

80 

85 

12 days 

98 2 

99 

99 

98 

3d 




ectomy 

90 

85 

85 


98 6 

^ 99 5 

99 5 

1 

98 5 






135 





99 



1 


Puie colloid 

2 31 

Impro-^ed 

Partial 

135 

120 



99 

102 

102 

102 




thyroid- 

110 

120 

105 

100 

18 days 

98 

,101 

101 

99 5 

10th 




ectomy 

120 

125 

115 


98 2 

101 5 

101 5 

100 











98 


1 

1 


Pure colloid 

2 31 

Improved 

Hemi- 

160 

145 

135 



99 

101 

101 

100 5 




thyroid- 

90 

130 

125 

115 

9 days 

97 8 

98 

100 

98 

7th 




ectomy 

100 

140 

130 


98 6 

09 

100 5 

100 











08 




1 

Pure colloid ^ 

2 38 

Died 

Hemi- 

130 





98 6 







thyroid- 

Sj 




1 day 

97 








ectomy , 

128 

I 



97 3 

102 

1 

i 






arterial 
ligation m 
May, ’10 







1 

98 





Puie colloid 

2 58 

Improved 

Hemi- 

140 

143 

143 



99 

101 5 

iioi 8 

101 2 





thyroid- 

120 

120 

120 

85 

12 days 

99 8 

100 

!l00 2 

98 

3d 




ectomy , 
fed lodin 

7 months , 

1301 

130 

130 


98 6 

101 

101 

100 








■ 





1 





chloro- 




1 

1 









form 






99 





Pure colloid 

2 74 

Improved 

Partial 

double 

thyroid- 

ectomy 

135 

160 

140 



99 

100 5 

101 

101 5 





130 

131 

115 

133 

130 

135 

105 

! 

12 days 

98 

98 6 

99 
99 5 

98 

100 

98 

100 

9th 




112 

120 

120 



98 5 

99 6 

100 4 

100 8 

100 2 


1 Puie colloid 

2 Petal aden- 

2 77 

Improved 

Hemi- 
thyroid- 
ectomy , 
fed lodin 

100 

93 

109 

105 

11 days 

97 5 

99 1 

100 

99 

4th 

oma 

0 08 


108 

108 

112 



98 2 

100 

100 4 

100 










99 





Pure colloid 

3 09 

Improved 

Hemi- 
thyrold- 
fintoniy • 

132 

130 

1 120 



99 5 

101 

102 

100 5 

6th 




110 

115 

95 

80 

15 days 

98 

100 

100 

99 




fed lodm 

120 

120 

1 105 


98 6 

100 5 

101 

99 5 










99 



102 


Pure colloid 

3 69 

Improved 

Partial 

double 

13fl 

1 145 

; 160 



99 

101 5 

102 

3tb 



1 

obectomy. 

120 

1 12C 

) 145 

120 

15 days 

98 

99 

100 

100 




typical 

12S 

i 13C 

) 155 


93 6 

101 

101 

101 ' 





lymphoid 














infil- 

tration 






08 



102 1 


Pure colloid 

4 61 

Improved 

Hemi- 

tbyroid- 

13( 

) 14; 

5 142 



98 

102 

101 5 

8th 




ectomi , 

12( 

3 12( 

3 13C 

i lo: 

i 14 days 

; 98 

101 

100 

100 




fed lodin 

12i 

5 14( 

3 135 


98 

101 5 

101 

100 5 





j months 


/, 



Goitei 

Duiatlon, Consist- 
ency, Symmetiy, 
Geneial Nutiitlon 


Slysedema 

Manifestations 


Piominent Neivous g 
Peatuies ■§ 


Pulse 

Betoio 

Opeiation 




ri-431 

5023 P W S 
Female 

35 

H-425 
4943 P W S 
Female 
24 

Br-211 

3486 PWS 
Female 

36 


3461 PWS 
Female 
20 

H-262 
3483 PWS 
Female 
32 

H 418 

4801 PWS 
Female 
23 

H349 
4107 PWS 
Female 
40 


Goitei, 
neivoufaness 
Feb 18 1910 


Abdominal 

pain, 

neivousness 
Jan 5, 1910 

Goiter 

Jan 28, 1908 


Neivousness 
Jan 0, 1908 


Tumor of 
neck 

Jan 30, 1908 


Goiter, 
nervousness 
Nov 12, 1909 


Headache 
Nov 24, 1908 


Fifteen years, 
nodular, 
firm, 

well nourished 

Seveial years, 
symmetiical, 
mod Arm, 
well nourished 

Eighteen months, 
firm, small, 
symmetrical, 
well nouiished 

Three years, 
firm 

symmetrical, 
well nourished 

Eleven years, 
firm 

symmetrical, 
well nouushed 

Many yeais, 
firm 

symme>iical, 
well nouushed 

Nine months, 
symmetrical, 
small, soft, 
well nourished 


No mention of 


No mention of 


No mention of 


Pigmentation 


No mention of 


No mention of 


Loss of hail , 
slight 

pigmentation 


Slight geneial 
weakness 


Migraine 

tiemor 


Always had 
“blues,” 
irritable, 
tiemoi 

Tremor foui 
years, 
excitable 


Musculai 

weakness, 

tremor 


General 

■sveaUness 


Weakness, 

headache 

excitability, -f- 23 
vomiting 


H-201 

3420 PWS 
Female 
2n 


Neivousness, 
palpitation 
Nov 11, 1908 


Seven years, 
small, film, 
symmetiical, 
well nouushed 


No mention of 


Tiemoi tor seven 
yeais 
sweating, 
excitable 


II 391 

4569 PWS 
Female 
33 


Tumor of 
neck 

July 30, 1909 


Duration ? 
Firm, small, 
symmeti ical, 
well nouiishea 


No mention ot 


Mild geneial 
nervousness 


n-397 
4579 PWS 
Female 
14 

H-444 
5490 PWS 
Female 
30 


Goiter 

Aug 4, 1909 


Nervousness, 

palpitation, 

goiter 

Aug 22, 1910 


Eight years. No mention of 
soft, iaige, 
symmetrical, 
well nourished 

Twenty five jeais. No mention of 
soft, 

symmetiical, 
well nourished 


Veiy slight 
geneial 

neivousness 0 14 

Nervousness 
Excitable twelve 
years, musculai 0 2 

weakness 


H-439 

5210 PWS 
Female 
16 

ri 360 

4234 PWS 
Male 
22 

H-394 

4506 PWS 
Female 
19 


3381 PWS 
Female 
54 


Nervousness, 

goiter 

May 21 1910 


Goitei 

Feb 8, 1009 


Headache, 
nervousness 
July 10, 1909 


Goiter 
and breast 
tumor 

Nov 1, 1907 


Two years, 
soft, 

symmetrical 
well nouushed 

Two years, 
soft, 

svmmetucal 
well nourished 

Duration 7 
Well nouiished 


Two veais 
mod firm 
symmetrical, 
eraaci ited 


Loss of hall 


No mention of 


No mention of 


No mention of 


Palpitation 

sweating, 

tiemoi 


None of note 


Three months, 
weakness, 
sw eating, 
tremor 

General 
weakness and 
nervousness 




IN CASES OP EXOPHTHALMIC GOITER 


PuLe Aftei Opeiation 

1 High 2 Low 

3 Aveiage 

lempera- 
;uie Before 
□peiatlon 

Temp After Oper n 
1, high , 2, low , 3, av 


lodiu 

per 

Outcome 

Remarks 
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Anatomreal 

Gram 

Portion 
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C3 
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Diagnosrs 

of Diiec 

(immedl- 


a 

Q 

Q 

Ji to 

- - 2 
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a 

a 

Q 

o5 

Gland 

ate) 

of Gland 

Ji 

q 

o 

o 
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>Q 

o5| 

SgO 

w 

C 

o 

u 

u 


ci 

o*^ 

> q 


in Milh 

gi ims 


Removed 


CO 


< 




za 


■< ° 





100 

LOO 




OS 5 

1 

100 



Colloid- 

0 02 

Improved 

Hemi- 

90 



98 6 

100 51 

99 


early 


thyroid- 

So 

95 

80 

85 

9 da3's 

98 

98 5 

99 

98 

3d 

glandular 



ectomy 

00 

90 

85 


98 5 

100 

99 3 

98 6 


hjperplasia 



OG 





99 S 





Colloid- 

0 62 

Improved 

Hemi- 

100 

90 



99 8 

102 

101 

100 5 


early 


thyroid- 

S ( 

S7 

87 

90 

21 days 

99 0 

100 5 

100 5 

100 

7th 

glandular 



ectomy 

90 

00 

88 


99 6 

101 

100 8 

1001 


hj’peiirJasra 



105 

90 

90 



98 2 


99 3 



Colloid- 

0 65 

Improved 

Hemi- 



98 2 

100 5 

90 1 


early 


thyroid- 

Si 

To 

75 

85 

IS dajs 

97 

00 

98 

99 

5th 

glandular 



ectomy 

Oo 

85 

82 


98 

99 2 

99 

99 


hyperplasia 








99 5 








Hemi- 

150 

140 

120 




101 



Colloid- 

0 77 

Improved 

thyroid- 



09 5 

101 5 

99 5 


early 


ectomy 

I'io 

115 

110 

95 

13 days 

OS 

101 

100 

99 

6th 

glandular 



1-15 

125 

115 


18 G 

101 5 

100 5 

90 2 


hyper plasra 




100 





08 2 





Colloid- 

0 83 

Improved 

Hemi- 

110 

105 



98 2 

100 5 

99 

100 5 


eaily 


thvioid- 

So 

100 

95 

90 

15 days 

97 

90 

38 

98 

4th 

glandular 



ectomy 

05 

100 

100 


98 

100 

98 5 

90 


hj perplasia 








OS 0 





Colloid- 



Hemi- 

110 

130 

120 



00 5 

101 

100 5 

100 


early 

0 85 

Improved 

thyroid- 

100 

105 

Do 

95 

12 dajs 

98 

99 5 

100 

98 6 

7th 

glandular 


ectomy 

105 

115 

no 


98 6 

100 

100 

99 2 


hyperplasia 








98 5 





Colloid- 

1 85 

Impioted 

Hemi- 

IGO 

150 

148 



00 5 

103 

103 3 

103 5 


early 


thyroid- 

135 

140 

130 

115 

18 days 

07 5 

100 

102 

101 

8th 

glandular 



ectomy , 

150 

148 

140 


98 G 

101 5 

102 5 

102 


hyperplasia 



fed lodin 

2 weeks 







08 2 





Colloid- 

4 12 

Improved 

Hemi- 

155 

155 

140 



100 

101 

101 j 

101 5 


eaily 


thyroid 

1 55 

135 

120 

90 

21 days 

07 

99 

100 

99 5 

7th 

glandular 



ectomy , 

145 

140 

130 


98 

100 

101 

100 


hyperplasia 



fed lOdin 

3 weeks 







90 

101 5 




Colloid- 

4 15 

Impio\ecl 

Hemi- 

100 

140 

140 



99 

100 

101 5 

101 5 


eailv 



thyroid- 

110 

130 

120 

100 

18 days 

08 

101 

100 

100 


glandular 



ectomy , 

150 

135 

125 


98 G 


100 5 

101 


hyperplasia 



no history 
of lodiu 

R ' ? 






100 5 





Collo d 

0 31 

Improved 

Hemi- 

110 

120 

125 



100 5 

99 6 

101 

100 


early moderate 



lobectomy 

90 

105 

05 

100 

7 dajs 

98 

OS 6 

99 

99 

4 th 

glandular 




100 

no 

no 


9S 6 

99 

99 3 

99 5 


hyperplasia 









08 5 





Colloid- 

0 77 

Improved 

One lobe 

120 

112 

105 



09 

101 

100 

99 5 


early moderate 



and 

100 

100 

90 

90 

19 days 

08 

99 

99 

98 

8th 

glandular 



isthmus , 

115 

105 

100 

98 5 

100 

99 5 

99 


hyperplasia 



entire 
portion of 
other lobe 








99 5 





Colloid- 

0 92 

Implored 

Hemi- 

thyioid- 

ectomy 

125 

110 

120 

IlOO 

100 

SC 

SO 

13 da^s 

99 5 

98 5 

100 
99 5 

101 
98 5 


2d 

early moderate 
glandular 



IIS 

110 

95 

99 

100 

99 6 



nypeiplasla 




14C 

130 

lie 

lior 

O' 

i ss 

28 da\s 

98 

99 

97 5 

103 

99 

102 3 
100 5 

101 
99 3 

13th 

Colloid- 
modei ate 
glandular 

0 37 

Improved 

Hemi- 

thyiold- 

ectomy 

12C 

120 

IOC 

98 1 

101 

101 

100 


hj perplasia 




12( 

IK 

12C 
1 9( 

!io( 
)1 S( 

) SL 
) 

4 dajs 

98 8 

99 

97 5 

101 5 
100 

101 

99 

99 5 
98 4 

3d 

Colloid- 

moderate 

glandular 

0 55 

Improved 

ricmf- 

thvioid- 

ectomj 

ii; 

JllOC 

9( 

98 G 

101 

100 

99 


hjperplasia 



Ilonii 

tbvroid 






99 





Colloid- 

0 S2 

Improved 

1() 

14( 

15 

5 14( 
J 10- 
) 15( 

1 11 
11 
1 12 
i 

3 

1 q: 
0 

1 

21 days 

100 3 

OS 

OS 2 

103 
100 
101 5 

102 

99 

jioo 

99 
9S 
9S 6 

3d 

1 

moderate 

glandular 

hjpeiplasia 



ectomv 


T-iBLE 3 (OonUntied) — CLIAICAL OBSBRVATIO^S 


Senes 

Xumbei, 

nistoiy 

Number, 
S('\ Age 


H-26o 
P WS 
Femule 
57 

H 3S6 
4400 PAYS 
Female 
50 

H-381 
10246 G S S 
Female 
42 

H 292b 
0493 GSS 
Alale 
44 

H-416 
ISIT PWS 
Female 


H-292a 
0310 GSS 
Male 
44 

H-269 
3894 PWS 
Female 
21 

H 302 
4596 P AV S 
Female 
30 

H-264 
3824 PWS 
Female 
19 

H-374 
4808 PWS 
b emale 
26 


Alajoi Com- 
plaint 

Date of Admls- 


Goitei, 
tachreazdla 
Aug 22, 1908 


lumor of 
neck 

June 13, 1909 

Esophtbalmic 

goiter 

May 28, 1909 

Graves’ 
disease 
Sept 7, 1908 


Goiter, 
nervousness 
Nov 1, 1909 

Graves’ 

disease 

June 22, 1908 

Palpitation 
July 27, 1908 


Goiter, 
vomiting 
Oct 9, 1909 


Weakness 
tacbvcaidla 
July 3, 1908 


Nervousness 
Feb 27, 1909 


Goiter 

Duration, Consist- 
ency, Symmetry, 
General Nutrition 


Many years, 
irregular nodules, 
firm, 

fair nutrition 

35 years, up and 
down course, 
nodular, firm, 
well nourished 

Sis years, 
soft, 

svmmetrical, 
wrll nourished 

Left lobe 
enlarged, 
soft, 

poor nutrition 

Sis months, 
small, soft, 
symmetrical, 
will nourished 

Seven months, | 
small, firm, 
svmmetrical, 
fan nutrition 

16 mos lust after 
typhoid fever 
soft, symmetrical, 
poorly nourished 

Nine months, 
large, firm, 
symmetrical, 
poorly nourished 

One year, 
soft, 

symmetrical, 
well nourished 

Sis months 
soft, 

svmmetrical, 
well nourished 


Pulse 

Befoie 

Operation 


Myxedema Piomment Nervous 2 


Manifestations 


Featuies 


S o- 

•Z - 

ja s x):J o 

=, 

O r^O 

H Q T-i'i-ov< 


No mention of 


No mention of 


No mention of 


Loss of hail , 
dry skin 


Loss of hair 


Dry skin , 
loss of hail 


Loss of hair 


Loss of hair , 
diy skin 


No mention of 


No mention of 


AA^eakness, 
neivousness, 
aiihythmia -j- 8 


Tremor, 
IS eakness 


Extreme 

muscular weakness, 

tiemor -f 4 1 


Cardiac 

aiihvthmia, 

sveakncss 


Neivousness, 

excitability, 

sweating 


Aluscnlai 
weakness, mental 

depiession, -f 26 

restlessness 

Muscular 

weakness, 

restlessness +14 


Neivousness, 

tiemoi, 

yomltlng 

weakness 

Always nervous, 
weak, 
diaiihea 


Tremoi, 

diarrhea, 

excitability 


H-215 

3529 PWS 
Female 

29 

n-408 

4692 PWS 
Female 
36 

n 417 
4837 PAYS 
Female 
28 

3343 PWS 
Female 

30 


Palpitation, 
sweating 
Feb IS, 1908 


Goiter, 
nervousness 
Oct 3, 1909 


Goiter, 
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THE ARGEIVES OF IHTERHAL MEDIGIEE 

weie four cases uhieh had leceived lodm foi periods vaiying from tivo 
months to eighteen months, and in all complete involution to the colloid 
state was piesent at the time of the operation We can, therefoie, leason- 
ably conclude that the active hypeiplasia of exophthalmic goiter has the 
same characteiistic of rapidly taking up lodin that characterizes all othei 
active functional thyroid hyperplasias, and also that lodin induces a 
similai senes of morphological changes in the exophthalmic goitei hyper- 
plasia as in other active thyroid hypeiplasias, and that these changes aie 
histologically identical with those occurring in spontaneous involution 
(recoveiy) 

4 RELATION OF PULSE-BATE TO GLAND STRUCTURE 

A tabulation of the pre-operative and postoperative pulse-rates of the 
sixty-nine patients is given in the large table (Table 3) We have 
lecorded the length of time in the hospital before operation, the pulse 
on admission, the highest, the lowest and the aveiage pulse reeoids duiing 
this time Postoperative, we have lecorded the highest, lowest and avei- 
age pulse-rates for the first three days, the average pulse-rate at discharge 
and the length of time in the hospital after operation We believe these 
lecords should accompany all case lepoits, foi it is by taking into account 
these featuies that an accurate idea of the types of cases, surgically 
ti eated at the various clinics, may be gained Such tabulations bring out 
many features of interest and significance Thus, it will be noticed that 
the pulse -1 ates on admission and the highest pulse-iates befoie opeiation 
aie closely related, while the aveiage pulse-rates aie usually much lowei 
The highei pulse-rate on admission is a manifestation of the geneial 
neivous instability and of the loss of vagus contiol, while the much lower 
aveiage pulse-rate illustiates the effect of lest and the extent of the 
lecover}'’ of vagus control 

There are such differences between the highest and the lowest puhe- 
rates even in the most severe cases that only the mean or average mte 
gives a fan conception of the caidiac activity Thus, in oui e\tieme 
cases the average for the senes was 110 beats pei minute, although theie 
were individual high averages of 140, 125, 120, etc In ordei to demon- 
stiate whethei any relation exists between thyroid stiucture and the 
pulse-rate, we have charted the average pulse-rates of the normal and 
colloid <5eries both before and aftei operation (Pigs 7 and 8) 

In the noimal senes it is seen that there is a geneial i elation between 
thyroid structure and the average pulse-rates Thus, the average pidse- 
lates before operation are the lowest in those cases with normal glands 
(eighty-two pei minute) and the highest (104 per minute) in the maiked 
h}'perplasias The same relation tends to hold thiough the postoperative 
reaction as uell The difference between the pulse-rates of the cases nitb 
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normal thyroids and of those with markedly hyperplastic glands is of 
slight degree only_, while the anatomical diSerences are extreme Anotliei 
feature of the pulse-iate curve is that the postoperative reaction usually 
reaches its extreme height in from twenty-four to forty-eight hourS;, then, 
in favoidble cases it falls lapidly duiing the next three oi four days and 
then continues at a more constant rate In our cases the average pulse- 
iate at discharge corresponded closely with the average pulse-iate before 
operation Thus, objectively the cardiac activity after operation and up 



to the time of discharge shows no noteworthy decrease fiom the aveiase 
obtaining befoie operation On the other hand, many of the patients sub 
jectivel} feel a sense of cardiac relief, but as Graham Lusk has veil sai , 
‘‘subjective sensations cannot be used as scientific ciiteiia 

22 Lusk, Gi'ih’im Science of Xutiilion, Phila , 190C, p 244 








29S the ARCEITES OE mBUElL ItEDWlEE 
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a isohaige from the hospital and the postoperative use describes the 
same type of cuive 

Summing up the i elation of the pulse-iates to the degree of actire 
thyroid hypeiplasia both m the normal and colloid series, it is seen that 
a slight parallelism exists, but the differences betureen the pnlse-rates of 
the normal oi colloid glands and of the most mailced active hypeiplasias 
aie so slight as to beai no suggestion of any cause or effect lelation This 


PuXs<z 

(Ze>.tc. 



8 efoi' 


After 

Opsroitiork 


/ 

2t hdL 

3 




Fig S — Colloid cases, average pulse rates Plain line indicates colloid 
glands Line of dashes indicates colloid early glandular hyperplasia Line of 
dashes and dots indicates colloid early moderate glandular hyperplasia Dotted 
line indicates colloid moderate glandular hyperplasia Line of dashes and circles 
indicates colloid moderate marked glandular hyperplasia Line of long dashes 
indicates adenomata 


is the moie striking on account of the widely held view that the thyroid 
secretion is a diiect causal factor in the cardiac reaction If any relation 
exists the objective evidence would tend to indicate a hyposecietion rathei 
than a hj’perseeretion, since the pulse-rate bears no relation to the amount 
of secieting surface and a negligible relation to the histological structure 
of the gland Also the histological structuie and the lodin content raai 
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be leveised in a given case, as will be mentioned latei, without necessanh 
piodncing any modification of the caidiac activity, and adenomata mav 
be associated with the same pulse reaction as ordinary hyperplasia 

It does not appeal from the evidence at present available that the 
explanation of the caidiac activity is so superficial or simple as eithei a 
thyroid-hypeisecietion or hyposecretion would indicate, but that both the 
caidiac activity and the thyroid reaction are parallel manifestations con- 
sequent on some moie geneial and remote distuibance 

5 RELATION OF TEMPBEATUBB TO GLAND STRUGTUBE 

The temperature on admission, the highest, the lowest and the avei age 
temperatuie before operation, also the highest, lowest and average tem- 
peratures for the first three days following operation are recorded in 
Table 3 We have also added the total number of days of pyrexia follow- 
ing operation foi each case 

These temperatures are for the most part oral and, therefore, only 
of relative value The average temper atm es before operation are approxi- 
mately normal in the several anatomical groups of each series The 
temperatures on admission are often somewhat elevated and it frequently 
happens that they coincide with the highest temperatures before oper- 
ation, ]ust as was true of the pulse-rates True fever, after rest in bed 
is established, is exceedingly rare in uncomplicated cases, as many 
observers have pointed out The subjective sensation of fever is very 
fwmmon 

The postoperative rise is usually quite abrupt It reaches its height 
on the second day and in favorable cases gradually falls to an average of 
normal in from six to eight days (average) The temperature perhaps 
tends to be higher in the cases with marked thyroid hyperplasia than in 
the cases with normal oi colloid glands, just as was noted with the pulse- 
rates, but the differences are too slight foi a suggestion of any causal 
relation between gland structure and temperature leaction The slightlj 
higher temperatures associated with the more marked h 3 q)erplasias aie 
probablj'' paiallel phenomena and indicative of a more severe type of 
disease The pulse and temperature reactions after operation constitute 
the so-called ^^manifestations of hyperthyroidism”, that is, they are 
believed to be due to an exces of ‘fioxic” thyroid secretion The evidence 
foi this hj’^pothesis is at present inadequate Both the temperatuie and 
pulse reactions point toward some more profound disturbance m the finei 
nutriEion of the neive-centers controlling these activities than could be 
explained by acute vaiiations in the amount of thyroid secretion di5 
ehaiged from the gland 
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TEE ARGEIVE8 OF INTERNAL MEDICINE 

6 RELATION OF EXOPHTHALMOS TO THYROID STRUC- 
TURE, TO MORTALITY AND TO THE 
DISEASE IN GENERAL 

Exophthalmos was lecoided as piesent m thiity-five and as absent in 
thiitvfoui cases Ananging the eases according to the anatomical divi- 
sions of the thy 1 Old, it is found that exophthalmos was present in one of 
eight cases with adenomata, m two of five cases with noimal oi noimal- 
colloid glands, in six of eighteen cases with colloid goiters and in twenty- 
seven of foity-three eases with active hyperplasia Thus, exophthalmos 
was neither absent fiom any of the anatomical divisions nor present in 
all the cases of any single division The greatest number of positive cases 
(both abolute and percentage) occurs in the group of active hypeiplasias 
On further analysis it is found that the fiequency of exi phthalmos in this 
series inci eases as the degree of active thyroid hypeipl tbia increases, both 
in the colloid and in the noimal senes Exophthalmos was piesent in 
ten and absent in two of the fatal eases 

So fai as this senes of cases is concerned, one may say that exoph- 
thalmos is a highly inconstant feature A Kocher-'' in a series of seventy- 
four cases found exophthalmos in sixty-three 1 ne personal faetoi, the 
liberality of the observei in diagnosing exophthalmic goitei and the 
natural facial outlines in many patients are conditions that matenally 
modify the frequency of exophthalmos in any individual senes Only a 
most general relation exists between the incideace of exophthalmos and 
the degiee of thyroid hyperplasia Some observers have considered 
exophthalmos as dependent on the thyroid hyperaetivitv and cite the 
hypeithyroidization observations of Ballet and Enriquez"* and of JSTott- 
hafit,"® who claim to have reproduced the symptom-complex of exoph- 
thalmic goiter in a dog and in a man, respectively, by feeding them 
excessive amounts of thyroid gland While symptomatically hyperthv- 
roidization may to some extent simulate the symptom-complex of exoph- 
thalmic goitei, it IS biochemically quite different The one might be 
looked on as an artificial excess of the normal secretion, while the othei 
could not have a closer resemblance than that of a quantitative excess 
of an abnormal secretion "® 

23 Kocher, A Mitt a d Gienzgeb d Med u Chir , 1902, i\, 1 

24 Ballet and Enriquez Semaine M6d , 1894, \.iv, 66 

25 Nottliafit Centralbl f inn Med , 1898, "viv, 353 

26 In a previous publication (Marine and Williams The Abchives Ixt 
Med, 1908, i, 349) it was shown that the hyperplastic thyroid takes up lodin 
rapidly from inorganic and oiganic salts of lodin and from feeding thyioid 
The o'eneial symptoms produced depend on the form and the amount of lodiii 
aiven“and on the anatomical state of the thyroid at the time of its administia 
tion Overfeeding with desiccated or fresh sheep’s thyroid produces the same 
freneial symptoms whethei the thyroid is normal, colloid oi hyperplastic, while 
mdin 01 Its inorganic salts tends to produce these symptoms only in those cases 
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The facts that exophthalmos may be piesent eithei with the thyioid 
noimal oi with any degiee of active thyioid hypeiplasia, and that theie 
may be marked thyioid hypeiplasia without exophthalmos, point stiODgly 
against the view that thyioid hypeiplasia is etiologically i elated to exoph- 
thalmos and towaid the view that both phenomena aie paiallel, though 
often not synchionous, manifestations of a more fundamental and obscuie 
uutiitional distuibance 


7 THE RELATION OF EXOPHTHALMIC GOITER TO 

MYXEDEMA 

In oui senes of sixty-nme patients foui (hTos 314, 333, 333, 364) 
had distinct anatomical changes chaiacteiistic of piematuie oi myxede- 
matous atiophy supervening in marked hypeiplasias In two of the 
patients theie was well-marked geneial pigmentation with loss of scalp 
and body haii In the other two no mention was made of these featuies 
In the first two cases there was also diyness of the skin of the legs and 
arras, with sweating of the palms of the hands and soles of the feet (per- 
sonal observations) Thiee died following opeiation with high tempera- 
tuies and pulse-rates 

Owing to the fact that one seldom sees mention of this important and 
relatively frequent late manifestation m exophthalmic goiter, we would 
urge again the importance of veiy careful inquiiy and examination of all 
cases of exophthalmic goiter coming under observation m ordei to detect 
clinically these very mild and very early manifestations of supervening 
myxedema, as well as caieful anatomical examinations of the thyroid for 
the characteristic histological changes 

Oid"'^ was peihaps the first to point out that myxedema was a natural 
sequel rather than a complication of exophthalmic goiter More recently 
C P Howaid,*® West,'® Dock®® and ourselves®^ have emphasized this view 


with very large, actively hyperplastic thyroids These symptoms are increased 
appetite, loss of weight, diairhea, becoming bloody in the late stages, weakness 
and sometimes coma before death We have never observed any noteworthy 
increase in heart-rate or use of body temperature or thyroid enlargement or 
exophthalmos in dogs, following such expeiiments Cunningham (Jour Exper 
Med , 1898, iii, 148) in his much earlier and more extensive studies on “Experi- 
mental Thyroidism” was unable to reproduce in any of the animals used a con- 
dition resembling exophthalmic goitei by feeding thyroid gland, and at that time 
cleaily pointed out the inadequateness of a hyperthyroidization theory in explain- 
ing the essential features of exophthalmic goiter Recently Carlson, Rooks and 
Mclxie (Proc Am Physiol Soe , 1911, xxvii, 13) have reported their experiments 
■s\ith feeding thyioid to a large series of animals with the same results reporte 
by Cunniiigliam and ourselves 

27 Ord Brit Med Jour , 1885, i, 896 

Howard, C P Jour Am Med Assn , 1907, xlviii, 1226 
West St Bartholomew’s Hosp Rep , 1906, xhi, 9 
Dock In Oslei’s Modern Medicine, Plula , 1909, vi, 437 
Marine and Lenhart Relation of lodin to the Structure of Human Thy- 
roids, The Akchives Int !Med , 1909, iv, 440 


28 

29 

30 

31 
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THE ARCHIVES OF JNTEREAL MEDICINE 

We have collected lepoits of cases by twenty-four obseiveis and, as 
HnschP-' suggests, the cases may roughly be divided into two groups, (1) 
myxedema occuiiing during and (2) myxedema occurring after exoph- 
thalmic goiter This giouping is purely clinical The thyioid insuffi- 
ciency starts when thyroid hypeiplasia starts and may develop rapidly, as 
m cases reported by Osier,"" Solliei,"* Jolly"^ and others, m which case the 
severe manifestations of both symptom-complexes are nearly synchronous, 
or slowly, as in cases lepoited by Williams,"" Gautier"^ and others, in 
which case the overlapping of the two syndromes is less complete 

It IS of significance that myxedema never precedes but accompanies 
01 follows exophthalmic goitei, and also, as pointed out by Gowan,"® that 
the mcidence of myxedema of adults as regards sex is the same as that of 
exophthalmic goiter (six to one) Clinically, it has been shown by Bence 
and Engel,"" van Lier,'*" Carpi'*^ and others that the mononuclear leuko- 
cytes and lymphocytes are increased in myxedema just as in exophthalmic 
goitei, and it has long been known that, anatomically, the lymphoid tissue 
changes are similar in both syndromes Another observation of interest 
in this connection is the experience of clinicians generally that the cretin, 
the exophthalmic goiter or the myxedema patmal has lowered resistance 
toward bacterial infections and Maibe^" and Eassin^" have demonstrated 
a lessening of the alexie activity of the blood-serum in both exophthalmic 
goiter and myxedema, and also that this lessening is the reverse of what 
obtains following the administiation of lodin oi desiccated thyioid We 
have already described the anatomical features of the special form of 
atrophy that supervenes in the marked hyperplasia as myxedema develops 
and have pointed out that it may often be detected in advance of definite 
clinical manifestations The lodin relations which obtain in these special 
atrophies of cretinism or myxedema aie naturally only a continuation 
of the gradual lessening which characterizes the several degrees of 
hyperplasia 

It IS generally stated that myxedema is the antithesis of exophthalmic 
goiter This is based largely on the subjective and symptomatic manifes- 
tations and the fact that the manifestations of exophthalmic goitei are 
most pronounced during the early or developmental stage of the thyioid 

32 Hjrsehl Wien khn Wchnsclir, 1900, xiu, 622 

33 Osier Jour Nerv and Ment Dis, 1899, \xvi, 65 

34 Solher Kev de Med , 1S91, \i, 1000 

35 Jolly Jour Am Med Assn, 1899, \xxu, 814 

36 Williams Brit Med Jour, 1893, i, 799 

37 Gautier Eev mCd de la Suisse Eomande, 1898, -s-vm, 625 

38 Gowan Lancet, London, 1895, i, 478 

39 Bence and Engel Wien Win Wcimsclir, 1908, \\i, 905 

40 Van Lier Beitr z Win Chir , lOlO, l\i\, 201 

41 Carpi Berl klin Wchnsclir, 1910, \lvii, 2059 

42 MarbS Compt rend Soe de biol , 1909, Kvii, 362 

43 Fassin Compt lend Soc de biol , 1909, Jwi, 457 
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hyperplasia, while manifestations of myxedema occur dm mg the atrophic 
stage The biological or ob3ective phenomena of the physiolog}^ the 
anatomy and the chemistiy of the thjnoid in exophthalmic goiter and 
myxedema, as we have shown, aie closely mterwoven The fundamental 
conception and demonstiation of myxedema oi cretinism as the result 
of the lessening of the physiological secretion of the thyioid is the most 
thoroughly established fact m the pathological physiology of the thyroid 
We would emphasize that the essential thyioid disturbance in myxedema 
IS a lessening of the physiological value of the secretion and not neces- 
sarily a quantitative lessemng, since a ma30iity of all animals from fish 
to man have or have had enlarged thyroids both in cretinism and in 
myxedema To use the words of Morel “Goitei is one stage on the road 
to cretinism or myxedema MorePs dictum might, in the light of recent 
work, be modified to read “Active hyperplasia is the first manifestation 
of thyroid insufficiency,” for the reason that we now know that an animal 
may be cured of any general disturbance of which the goiter is a mani- 
festation and still have an enlarged thyroid (colloid goitei), in the same 
sense that an animal with rickets may recover, although the bone deformi- 
ties persist 

Faure^^ has tersely put the kernel of the whole argument as follows 
“If myxedema is due to a deficiency, and exophthalmic goiter to an excess^ 
of thyroid secretion, then both syndromes could scarcely coexist in the 
same individual ” But it is now known that the two syndromes overlap 
to a greater oi lesser extent in all of the cases of exophthalmic 
goiter in which the impairment of thyroid function is allowed to continue 
unchecked 

Horsley^®' has pointed out that nervousness and tremor are quite con- 
stant manifestations of the eaily stage of myxedema and that the leason 
we do not observe it more often is that the patients present themselves 
with the disease well advanced He'^® also described a nervous, excitable 
stage in the thyroidectomized monkeys precedmg the development of the 
more characteristic symptoms of cachexia strumipriva Later McGai- 
nson^’^ noticed and caiefully recorded a nervous stage preceding the clas- 
sical manifestations of endemic cretinism in the Gilgit and Chitral Dis- 
tricts of India 

We believe that further study will reveal the frequent existence of 
nervous manifestations of the exophthalmic goiter type during the devel- 
opmental stage of myxedema, 3ust as anatomical studies have shown that 

44 Paure Presse in§d , 1899, ii, 174 

45 Horsley Brit Hed Jour , 1885, i, 381 

46 Horsley Pioc Roy Med and Chir Soc , London, 1886, xl, 6 

47 McGarnson Proc Roy Med and Chir Soc, London, IJOS, n, 3 , 

Med Sect , p 1 
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the thyioid tends towaid and usually dees undeigo hyperplasia pnoi to 
tlie development of the myxedema complex 

Loss of scalp and body hair and canes of the teeth aie almost constant 
accompaniments of frank exophthalmic goiter Pigmentation of the skin 
eithei geneial oi local, is also commonly obseived Many of om most 
seveie eases clinically have shown no wasting of the snbcutaneons tissues 
while m otheis the wasting was extieme We have been led to look on 
these manifestations as the veiy earliest and mildest of the senes of 
symptoms which ehaiaeteiize developmg myxedema 

In this connection we wish to lepoit the majoi featuies of a typical 
case which we have been allowed to follow through the courtesy of Prof 
J P Sawyer and Dr A IST Dawson, since it embodies the most charac- 
tenstic events in the course oi exophthalmic goiter 


The patient, a gul aged 18, presented herself at Charity Hospital in October, 
1908, ivith all the caidinal symptoms of exophthalmic goiter She was admitted 
to the hospital and impioved rapidly during the five weeks of rest and general 
medical treatment She then returned to hei work but relapsed duiing the fol- 
lowing May and was leadmitted to Chanty Hospital in June, 1909 At this time 
the right thyroid lobe was removed The operation ivas followed by the typical 
pulse and tempeiature reaction, the pulse leaching 160 and the temperature 105 
degrees Five weeks after leaving the hospital she was again admitted with 
typhoid fever This disease lan an uncomplicated couise but was prolonged and 
during the thud week of convalescence it was noticed that the pulse was becoming 
moie rapid and the remaining thyroid lobe was enlarging She left the hospital 
in November, 1909, and was not seen until Maich, 1910, when she piesented the 
following picture She had gained thirty pounds The subcutaneous tissues weie 
everywhere thickened The skin was dry, save for sweating of the palms of the 
hands and the soles of the feet There was nearly complete loss of the body and 
scalp hail and the decay of the teeth had piogressed rapidly The pulse was 
regular and averaged 120 beats per minute The lemaining thyioid lobe had 
enlarged until it exceeded the si/e of the combined lobes before opeiation Men 
struation had not occuiied since the typhoid fever A diagnosis of supervening 
myxedema was made and as there was a great excess of very actively hyper- 
plastic thyioid tissue present, lodin in the form of the syrup of the lodid of iron 
0 3 c c three times daily was given At the end of two months the remaining 
thyroid lobe was film, much i educed in size and had completely involuted to the 
colloid 01 lesting stage A new giowtii of scalp, axillary and pubic hair devel- 
oped, menstruation began again during the third month and the thickened sub 
cutaneous tissues returned to their normal appearance The exophthalmic goiter 
symptom complex, though somewhat ameliorated, is still present (Dec 28, 1910), 
(pulse 110, tremor, exophthalmos and a small firm left thyroid lobe) 

This case illustrates the usual way in which myxedema is associated 
with exophthalmic goiter It also illustiates that it is possible to relieve 
the myxedema symptom-complex by the use of lodm alone, if sufficient 
active thvroid tissue is present and that by relieving the myxedema and 
by completely leversing the histological state and lodin content of the 
thyroid, only slight amelioi ation of the exophthalmic goiter svmptom- 

eomplex took place 



DAVID MARINE— C H LEND ART 


305 


<5 RELATION OF POSTOPERATIVE MORTALITY TO TEE 
ANATOMICAL CHANGES IN TEE THYROID AND 
LYMPHOID TISSUES AND TO THE 
lODIN CONTENT OF THE 
THYROID 

Complete data on which to estimate the tme postopeiative mortality 
are not available The published statistics, of which the following are 
examples, Dunhill,'^® eighty-eight eases with 1 1 per cent mortality, the 
Mayos,^’’ 405 cases with 4 7 pei cent mortality, Kocher,°® 494 cases with 
3 4 pel cent moitality, Krecke,®^ 108 cases with 9 per cent mortality. 
Hale White,®" eleven cases with 36 per cent mortality, H Mackenzie,®® 
thirteen cases with 38 per cent mortality, and Gebele®'* thirty-six cases 
with 19 per cent mortality, show greatei variations than could like!} be 
attributed to operative skill and at the same time omit those data which 
are laiown to be most indicative of the severity of the cases, viz , the histo- 
logical condition of the thyroid and lymphoid tissues Mortality statistics 
based on the total number of cases clinically diagnosed as exophthalmic 
goiter give no accurate idea of the real mortality (1) because dijffeient 
observers exercise different degrees of liberality in diagnosing exophthal- 
mic goiter, (3) because such statistics convey no idea of the stage or the 
severity of the disease, and (3) because the collected autopsy reports show 
that the moitality is greatest in those patients with marked thyroid and 
lymphoid hyperplasia Unless the histological condition of the thyroid 
and the lymphoid tissues, together with the pulse-rate and temperature 
reactions both before and after operation are given, no estimate of the 
operative risk and the types of cases subjected to operation can be gained 

We have grouped all cases as postoperative deaths which have died 
within torn days after operation with high temperature and pulse-rates, 
believing that gieater error is introduced in attributing death in these 
cases to one or another of the many possible accompanying diseases or 
accidents 

Of the sixty-nine eases included m this study, twelve or 17 4 per cent 
died — ten females and two males (see Table 3) 

The mortality arranged according to the four major anatomical groups 
of thyroid changes is as follows three®® cases with adenomata with no 
mortality, five cases with normal or normal-colloid glands with no mor- 

48 Dunhill Brit Med Jour , 1909, i, 1222 

49 Jilayo, C H Surg , Gynec and Obst , 1909, viii, 237 

50 Ivocher Brit Med Jour , 1910 ii, 931 

51 Krecke Munclien ined Wchnschr , 1909, Ivi, 15 

52 White, Hale Quait Jour Med, 1910, iv, 89 _ 

53 Mackenzie, H Brit Sled Jour, 1910, ii, 935 

54 Gehele Beitr z khn Chir , 1910, Ixx, 20 , „ , 

55 The five other cases with adenomata are included under normal colloia or 

colloid glands (see Table 3) 
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tahfcy eighteen cases with pme colloid goiteis with two deaths, or a 
moitality of 11 pei cent, and forty-three cases with active hyperplasia 
with ten deaths, or a moitality of 23 pei cent It is thus seen that the 
highest mortality oecuis m the group of active hyperplasias and by 
aiianging the ten fatal cases of this group according to the degree of 
active hypeiplasia present, it is found that all were associated with 
advanced degrees of active hyperplasia 

The symptoms, as we are at present able to mterpret them, offer incon- 
stant and unieliable ciiteiia of seventy and risk of operation except in 
those cases with manifestations of supervening myxedema, which aie the 
gieatest operative iisks Three of our four patients died following oper- 
ation Thus, it may be stated at present that the thyroid and Ivmphoid 
hyperplasia offer the most constant criteria of seventy and that the 
mortality vanes with the degree of hyperplasia of these tissues 

Concerning the i elation of mortality to the lodin content, there is no 
liteiatuie bearing directly on this feature, although it could be mfened 
that since the mortality is greatest in those cases with marked hypeiplasia, 
and since lodin normally varies inversely with the degree of hyperplasia, 
that the mortality would be highest in those cases with low lodin content 
The accompanying tabulation of nine®*^ of the fatal cases bears out this 
inference (see Fig 9) 

There are three general hypotheses as to the cause of the phenomena 
of high pulse-rates, high temperatures and death in these cases (1) that 
they are the result of squeezing an excess of thyroid secretion into the 
organism fiom gland manipulation at operation, (2) that they are the 
result of status lymphaticus, (3) that they aie the result of the general 
state of exhaustion and weakness of the oigamsm 

Taking up the first hypothesis, Putnam®^ suggested it m oidei to 
explain the phenomena on the basis of a hyperthyroidization theorv It 
IS still widely held by those who think both the temperature and pulse 
reactions are the result of a hypeithyroidization, but there is now suffi- 
cient evidence to render it untenable, first because the operative mortality 
is gieatest in those patients with small, cirrhotic glands and low lodm 
content, and is least in those patients with excessive thyroid tissue and 
high lodin content This is the opposite of what should obtain if the 
secretion caused the symptoms and lodin determined the secretion s major 
activitv Second, the gravest risks are those patients with symptoms of 

56 Three fatal cases (Cases 269, 381 and 265) have been excluded because 
lodm was administered for too short an interval before operation for correspond- 
ing histological changes to occur Thus, the lodin contents were 4 02 1 31 and 
1 15 m-m per gram of dried gland, while the histological diagnosis in these cases 
was colloid moderate hyperplasia, and experience has shoivn that such lodin con- 
tents can coexist with such degrees of active hyperplasia only in cases in whi 
insufficient time has elapsed since the administration of lodin began 

57 Putnam Brain, 1894, xvii, 214 
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myxedema supeivening on the exophthalmic goiter syndrome Thirds 
these phenomena of high temperatnie, high pnlse-rate and death occur 
as well after arterial ligation as after lobectomy fourth, operations else- 
wheie on the body or trauma or shock aie, with proportionate frequency, 
followed by these phenomena Thus, Crile=® has reported a patient dying 
after ethei anesthesia alone and cites a patient dying from the shock 



Fig 9 — ^Mortality and lodin content 


incident to a fracture of the femur Hirst®'* has collected seventy -one 
operations other than thyroid in cases of exophthalmic goiter in which the 
same phenomena of high pulse and temperatuie were present, of which 
fifteen terminated fatally Fifth, a comparison of the postoperative rise of 


58 Crile Ohio State Med Jour, 1907, in, 293 

59 Hirst Am Jour of Obst , 1905, In, 367 
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tlie temperatuie and pulse in our group of fatal cases with a gioup of 
non-fatal cases of similar thyroid and lymphoid changes shows that the 
manifestations diffei only in degree (Figs. 7 and 8) 

The second view, that the lymphoid hyperplasia of the thymus, spleen 
and lymph glands is the cause of death in these eases, has been discussed 
by Capelle, Caio, Boit and others Most of the fatal cases, as has been 
shown by all observers, have lymphoid hyperplasia The studies of Saw- 
yer, Kochei, van Lier, Carpi and others have shown that this lymphoid 
hyperplasia, while in no sense specific for the fatal cases or, indeed, for 
exophthalmic goitei in geneial, is piesent to some degree during the 
progressive stage of true exophthalmic goiter whether ending fatally 
01 not 

The third view, that death is the result of the failure to compensate 
for some general nutritional disturbance seems the more probable This 
failure of compensation is manifested objectively by the series of morpho- 
logical changes easily demonstiable in the thyroid and lymphoid tissues 
and which perhaps also exist in other tissues whose objective manifesta- 
tions of the compensatory reaction are less easily detected The inter- 
pretation of these cell changes as indicative of cell exhaustion is based 
on the well-lcnown experiments of E Hertwig and his pupils®® in pro- 
ducing similar morphological changes in piotozoon cells by overwork, 
overfeeding or starvation, and on the morphological studies in tumor cells 
by Professor Howard and Dr Schultz 

The study of the series of changes which take place in a thyioid as 
it passes from the normal gland through active hyperplasia to the end 
stage of cretinoid or myxedematoid atrophy, forces us to interpret this 
process as one of compensation to meet increased functional demands and 
the failure of this compensation leads to a gradual loss of the finei cell 
nutrition and, in consequence, of the finer cell function One cannot say 
that the general loss of cell energy and of the ability of the body-cells to 
regulate their function — the two most characteristic featuies of the dis- 
ease — are oi are not due to a poison There is, howevei, no objective 
evidence that either the thyroid or lymphoid tissue is producmg such a 
poison, but rather the evidence would seem to indicate that if a poison 
does exist, these tissues are attempting to control it 

ff TREATMENT OF EXOPHTHALMIC GOITER 
A correct estimation of the value of any plan of treatment is easy or 
difficult in proportion to the closeness with which the disease fo ovs a 
type If the disease is acute and typical, the therapeutic value 
measure is readily determmed, but if, on the contrary, the course ot the 

60 Arch f Protistenk (Suppl ) Festband f E Herting, 1907 

61 Schultz Jour Evper Med , Suppl IsTo 1911 
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disease is elironie and subject to many spontaneous remissions and exacei^ 
bations it is estiemely difficult to reach a just estimate of the value of any 
plan of treatment And when in addition the pathological processes can- 
not be sharply separated from the physiological, the difficulties opposed 
to correct judgment are further increased There is no disease the history 
of which better demonstrates the truth of these prmciples than does 
exophthalmic goiter 

General suggestions covering the recognized facts in the pathology 
and the physiology of the disease only can be attempted, because in so 
protean a disease, and in a disease which so markedly tends toward spon- 
taneous recovery, false judgments as to the success or failure of a given 
measure aie unavoidable The details of application of the general 
principles to be outlined must be left to the good judgment of the 
physician and there is perhaps no disease in which the adaptation of the 
physician^s suggestions to the individual case is more important for the 
obtaining of satisfactory results 

The prevailing modes of treatment have followed closely the prevailing 
theories as to the causation of the disease The therapeutic measures at 
present employed may be divided into two groups, as follows 

1 Those directed toward the correction of metabolic disturbances, 
and in paiticular the nervous exhaustion 

% Those directed toward reducing or counteracting the thyroid 
secretion 

Beginning with Group 1, the first requisite is a carefully taken history 
to asceitain the underlying factors in the central nervous-system exhaus- 
tion, whether it can be tiaced to worry, care, anxiety, fright, overwork, 
strain, infectious diseases, as typhoid fever, rheumatism or influenza, 
gastro-mtestinal disturbances or any of the many other disturbances with 
which the symptom-complex may be associated 

Best, both mental and physical, stands first in importance among all 
the beneficial measures now at our command Those who have had the 
most favorable results with surgical measures have used prolonged rest 
both before and after operation As nearly absolute mental rest as 
possible should be striven foi This may be attempted by a variety of 
means, but again the physician must adapt his method to suit the tastes, 
surroundings, means, etc , of the patient Eai ely can one obtain rest at 
home More successful is a change of enviionment, in a hospital or a 
sanitarium or in the countiy In severe cases a rigid Weir Mitchell 
treatment may be necessary In milder cases the diversion of a leisuielv 
voyage, or a sojourn at some quiet place by the sea or in the highlands, 
or a proti acted visit with a distant relative or a leisurely-taken camping 
trip may open up other avenues ot mental activity which are as res pro 
ducing to the neivous mechanism as ph}Sical rest is to the muscle-cell 
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Mental lest frequently has little association with physical lest and we 
often fall into the enor of attempting to obtam mental rest by the same 
methods that are commonly emplojed to induce physical rest The great 
object to be attamed m all cases is to get the patients to a place where 
they can enjoy quiet, away fiom their cares, imaginaiy or real, away fiom 
then social duties and then work 

Baths have an impoitant place in the tieatment, both for their sedative 
and then tonic elfects A course of daily baths with carefully graduated 
temper atuies should be instituted In the severe, maniacal or lestless 
eases the hot bath (100 F ) each evening usually ensures sleep and rest 
As the patients improve, oi in mildei cases, the temperature may be grad- 
uated downward, thus passing fiom the sedative to the mildly tome effect 
Perhaps m no case is it wise to reduce the bath temperatuie below that 
which is necessary to induce mild vasoconstriction 

Exercise There are three forms (1) active (voluntaiy) movements, 
(2) passive movements and (3) electricity In all severe eases the 
musculai weakness precludes attempts at active exercise, but massage 
should be instituted in connection with the hot baths In improving or 
mild cases active exeicise as walking, mild gymnastics, etc, should be 
instituted These exeicises should be graduated so as to avoid fatigue 
and at the same time to take advantage of the patient’s increasing endui- 
ance Electricity has been extensively used, and undoubtedly many of 
the symptoms have subsided under its use, but the fact that there is no 
agreement among observers as to the kind or strength of current to use 
some recommending the static, otheis the high fiequency, some the gal- 
vanic, others the faradic — ^has led to the conclusion that whatevei benefit 
IS obtained is largely due to the mental impiession on the patient and the 
muscular movements induced 

Concerning climate great differences of opinion exist Some insist 
on residence in the mountains, others at the seashore All we Icnow may 
be summed up by saying that since these patients withstand heat badly, 
one should avoid the hot, humid climates and seek a cool, diy, pure 
atmosphere In patients with cardiac weakness the altitudes may be 
harmful In general, mountainous regions of moderate elevation (1,000 
to 6,000 feet) aie the most favorable and ofl:er less monotony than level 
surioundings 

Diet Patients often ciave unsuitable articles of food, as pickles, 
spices, pastries, candies, nuts, etc The food should be plain, well cooke , 
wholesome, and taken at regular intervals Stimulants should be avoided 
The fact that these patients usually retain good appetites cannot be over- 
looked when weighing the symptomatology of the disease It may possi y 
be mterpreted as the oiganism’s attempt to lepaii the tissue waste n 
since tissue waste is one of the manifestations of the disease, we believe 
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that the diet of these patients should not be cui tailed as to piotems^ fats 
or caibohydrates, and that none of the usual articles of food (meats, milk, 
butter, sugars, starches, fruits and vegetables) need be restricted 
except as special indications arise in the individual cases, as for instance 
ghcosuria, diaiihea, vomiting, etc 

Suggestion The value of suggestion m exophthalmic goiter is univer- 
sally recognized The psychical condition of these patients is very 
unstable Trivial incidents may encourage them and equally trivial 
happenings may depress them It is necessary to acquire the confidence 
of the patient when time is such an element in the treatment, and only 
in this way can we expect cooperation The physician should encourage 
and cheer the patient In most eases this can be done without resoit to 
strategy, not to speak of quackery Hypnotic suggestion should be 
condemned 

Drugs have little actual value Speaking of the almost endless list 
as a whole, their beneficial influence is determined largely by the mental 
impression on the patient and by the skill and intelligence with which 
then use is adapted to each particular case The general hygienic meas- 
ures instituted at the same time aie often underestimated It should be 
pointed out that the limits of safety in the use of drugs are very narrow 
in this disease and drugs should, therefore, be used m small doses and 
under careful control The use of drugs is largely symptomatic and may 
be grouped as follows 

1 The cardiovascular group includes digitalis and its denvatives, 
strophanthus, convallaria, strychnin, ergot, atropin, veratrum viride, 
aconite, nitrites, etc The heart and vessels need neither stimulation noi 
depression They need regulation This regulator v control can be 
regained but slowly under any condition Digitalis is the most commonly 
used Its use should be confined to such conditions as acute dilatation, 
valvular lesions or actual myocardial disease It should not be used for 
the tach 5 '’caidia Eest in bed and the ice-bag are safer and better 

2 For the symptoms of nervousness, restlessness and insomnia a laige 
list of drugs has been used Among the more prominent drugs are opiates, 
bromids and coal-tai products Since the above s}Tnptoms are probably 
due to a loss of, or a weakened inhibitor}^ control over, the body functions, 
it is not rational therapy to offset this by correspondingly depressing the 
accelerator mechanisms The end to be attained is to assist the organism 
in regaining this regulatoi}'’ control, and rest in quiet, congenial, comfort- 
able suiioundings, warm baths, etc, aie more important than drugs An 
occasional diam dose of sodium bromid before retiiing may be useful if 
the above measuies are impracticable These patients are peeuliarl} 
susceptible to opium and it should not be used The same la true of the 
powerful hypnotics and depressants 
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3 Iron, arsenic^ sodiuin phosphate and quinin hydiobromate have 
then advocates Since the tieatment of every case must be carried out 
on geneial piinciples and complications as dyspepsia, diarihea, consti- 
pation, vomiting, anemia, etc , dealt with as they arise, these drugs as 
well as many others are often of value in individual cases 

4 The use of such animal extracts as thymus, adrenal, ovary, testis, 
spleen, pituitaiy or brain tissue is purely empirical and has no known 
influence With desiccated thyroid it is different According to the 
hyperthyioidization theory it should make the cases woise, while accord- 
ing to the hypo- oi dys-thyroidization theory it should produce improve- 
ment The majority of the reports indicate that the drug in small doses . 
makes the patients clinically woise hlevertheless, there are large numbers 
of cases in which no noticeable effect has been produced by the drug even 
in laige doses There aie also numerous case« in which definite improve- 
met has followed its use Several known factors have helped to bring 
about this lack of uniformity of results (1) The activity of desiccated 
thyroid is determined by the lodin in organic combination, and in com- 
mercial preparations this is quite vaiiable (the causes foi this variation 
have been discussed in an earlier paper bj Marine and Williams®^ and by 
Hunt and Seidell (2) The doses used have usually been those ai’bi- 
trarily established for goiter in general (3) Clinically, exophthalmic 
goitei includes a very broad group of cases as regaids the duration, 
prominence, severity and character of the symptoms 

It IS certain, however, that desiccated thyroid induces the same ana- 
tomical changes in the exophthalmic goiter as in any other developing 
goiter and that these changes are identical with those produced by lodin, 

VIZ , (a) an involution to the colloid state, (b) an increase in the lodm 
content and (c) a decrease in the blood-supply In the so-called sec- 
ondary exophthalmic goiter cases and in cases with manifestations of 
developing myxedema, doses of from 2 to 5 gr (0 12 to 0 3) daily 
of the commercial thyroid are often beneficial In the acute, severe, 
primary exophthalmic goitei cases this drug should not be emploved 
unless one uses a purified lodothyreoglobulin hypodermatically in doses 
of Vso gr (d 0012) as recommended by Beebe On the whole this is 
a dangeious drug and should be used only in its purified and standard- 
ized form in cases under the closest observation We feel certain, however, 
that its use m this disease will become moie general when the above con- 
ditions are fulfilled 

62 Marine and Williams The Relation of lodin to the Structure of the 
Thyroid Gland, The Abchives Int Med , 1908, i, 349 

63 Hunt and Seidell Commercial Thyroid Prepaiations , 

.^^^ 64 ^Sbe^^¥reitm?nt of Thyroidism by Specific Serum, The .Ikchives Ixt 
Med, 1908, u, 315 
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5 lodm has much the same action in exophthalmic goiter with active 
thyioid hjpeiplasia as has lodothyieoglobulin, and in addition has the 
advantage that the dose can be controlled and that the leaction produced 
depends on the size of the dose and on the existing degiee of the thyroid 
hypeiplasia We have carefully followed the use of lodin in seventeen 
cases and have not seen any of the injuiious etfects commonly desciibed 
lodin should be administeied by mouth and prefeiably in the form of the 
sviup of the lodid of non, syrup of h 3 diiodic acid or sodium lodid The 
initial dose should be small In extreme cases we have used the s]rup 
of feiious lodid in doses of 5 minims (0 3 c c ) daily for the first week, 
5 minims (0 3 c c ) twice daily for the second week and 10 minims 
(0 6 c c ) twice daily for the thud ueek In mild cases the initial dose 
may be 5 (0 3) oi even 10 (0 6 c c ) minims twice daily 

Gioup 2 includes those measuies directed toward i educing oi countei- 
acting a theoietical h 3 ^persecretion The experimental basis for this 
theoiy of the nature of the disease is becoming exceedingly frail 

A Suigical measures rank first The moie impoitant ones are paitial 
extirpation of the gland, arteiial ligation, stretching or excision of the 
cervical sympathetic, and vaiious combinations of these It is extremely 
difficult to arrive at any accurate estimation of the value pc? se of any 
of these measures No two obseivers exeicise the same liberality oi 
restriction in making the diagnosis Successes aie moie often lepoited 
than failures The general hygienic and nutritional treatment instituted 
befoie and continuing for a long time after operations have not been 
taken into account Internists geneially have used a moie iigid standard 
of cuie than have surgeons The statistics of moitality, improvement and 
cure based on the total number of cases clinically diagnosed are, foi the 
above reasons, of little value We have followed a large gioup of case® 
fiom the clinic of Dr Crile and our findings agree with those of Wilson, 
Capelle and others that the seventy and moitality statistics aie moie 
accuiately computed fiom the actual thyroid and lymphoid reactions than 
from the clinical picture Indeed, we would go fuither and state with 
Ciile®^ that it IS impossible at present to state accurately the net eJinieal 
results of any operative pioceduie None of the operative measures oi 
their modifications has been followed by uniform results As Mackenzie^® 
points out, surgical measures most otten fail in those cases in winch 
medical treatment most often fails and particularly in those cases winch 

65 Koclier (Aich f klin Chii , 1910, -.cii, 1166) has recently set forth at 
length the untowaid effects of lodui in exophthalmic goitei We belieie such 
effects aie due to the abuse and not to the physiological use of tlie arug 

66 Wilson Am Jour Med Sc, 1908, c\x-\\i, Sol 

67 Cl lie Postoperative Results in Exophthalmic Goiter and lumor-. Jour 
Am Med Assn 1909, liii, 1675 

OS Mackenzie Allbutt’s System of Med 190S, iv, pt 1, 3S3 
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theoretically should be most impioved It is impossible to tell whether 
ligation of one, two or three thyroid aiteries will be followed by improve- 
ment or not So also with partial extirpation , improvement may or may 
not follow lemoval of one-fourth, one-half oi three-fourths of the gland 
So also with the sympathetic operation, either stretchmg or resection may 
01 may not be followed by impiovement Wliatever thyroid operation 
is made, the other factois bemg constant, the postoperative reaction 
(so-called hyperthyioidism) and the operative mortality are, in general, 
proportional to the degiee of active thyroid and lymphoid hyperplasia 
(the anatomical indices of seventy) Also many authors have shown 
that opeiations on other paits of the body, or injuries, as a fractured leg, 
or mental shocks, aie followed by the temperature and pulse reactions and 
sometimes death, in piopoition to the anatomical severity of the disease 

It IS the geneial experience that a larger percentage of improvement 
follows in those eases in which some operative measure has been earned 
out than in those tieated medically, but as Bier"® points out, it is largely 
subjective during their stay in the hospital and the objective signs clear 
up only aftei prolonged tieatment Hone of the surgical explanations 
thus far offered for the apparent improvement is free from weighty 
objections In our opinion operations should not be undertaken until 
the thyroid has returned to its colloid or resting state, whether this has 
occurred spontaneously during general treatment or has been hastened by 
the action of minute doses of lodin What has been said refers only to 
operative measures applied expressly for the relief of the symptoms of 
the exophthalmic goiter In each case the geneial indications for opera- 
tion, as (1) the relief of mechanical pressure effects, (2) correcting 
deformity, (3) thyroid tumois and (4) psychic effects, should be 
considered 

B The chief non-surgical measures in use to counteract or reduce 
the hypothetical thyroid hypersecretion are (1) the antithyioid seram of 
Moebius, (2) the milk of thyroidectomized goats, (3) the thyreolytic 
serum of Beebe and Eogers, and (4) the Eoentgen rays The hypothetical 
action of Moebius’ serum and of the milk of thyroidectomized goats is one 
of neutralization It rests on the assumptions (1) that the serum or milk 
of thyroidectomized sheep and goats contains an accumulation of sub 
stances which the thyroid secretion would normally neutralize and (2) 
that the gland of exophthalmic goiter is producing an excess of secretion 
As with all other remedies some observers report beneficial, others negative 
results The pievailmg opinions are (von Strumpell, Bulenberg, Erb and 
Eichhorst"“) that any improvement occurring during their use is no 
o-reater than could be aseiibed to rest, hygiene and the passage of time 

O 

69 Bier Med Khn , lOOS, iv, 16 

70 Med Khn , 1908, iv, 39 
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Certainly no specific action has been demonstrated The theoiy of action 
of Beebe and Eogeis^ serum is that it inhibits the action of the thvroid 
cells or destroys them The seium is made by injecting into rabbits or 
sheep the nucleoproteins of human thyroid They claim for tlie serum 
a high degree of specificity The woik has not been confirmed Our 
experience with its theiapeutic use is confined to fouiteen cases No 
improvement could be made out above what normally occurs with rest 
in bed We were able to examine the thyroid glands histologicahy from 
three of the cases (in two cases during and one about four weeks after 
treatment) but could not detect any lytic action on the thyroid epithelium 

Eoentgen lays have also been used to inhibit or depress the gland’s 
activity In some cases the gland becomes smaller No definite thyroid 
changes are recorded beyond an increase of the capsular and pericapsular 
fibrous tissues The value of this form of treatment is still problematical 

10 SUMMARY AND CONCLUSIONS 

The anatomical changes in the several body tissues in exophthalmic 
goiter aie variable and manifold The most prominent and most con- 
stant change is active hj^peiplasia of the thvroid and lymphoid tissues 
These changes are not constant, since the exophthalmic goiter syndrome, 
as at present recognized, may coexist with a normal thyroid, with a colloid 
goiter, with an actively hyperplastic thyroid, with an atrophic thyroid or 
with a tumor of the thyroid 

The great majority of individuals presenting this syndrome in recog- 
nizable form have some degree of active thyroid and lymphoid hvper- 
plasia, and we believe that all true cases with complete clinical syndromes 
have had, during their developmental stage, active thyroid and lymphoid 
hyperplasia 

Active thyroid and lymphoid hyperplasia aie not specific for ibis 
syndrome, since similar anatomical changes are present in a varieh of 
other abnormal body states 

The senes of anatomical changes which occur in a thyroid as it passes 
from its normal or its colloid state through active hyperplasia and on to 
atrophy or to colloid goiter represents this tissue’s biological leaction 
whenever those biochemical disturbances in the organism’s nutrition occur 

which excite its compensatory activity 

Active thyroid hyperplasia means thyroid insufficiency, and although 
the causes which excite this activity aie unknown and, theiefoie, ma} oi 
may not be multiple, still, the basic anatomical reaction of the thyroid 
tissue seems to be the same in all the several clinical varieties of ^oitei 
and, mdeed, seems to be the only one with which the thyroid tissue is 

71 Taylor, A E The Treatment of Exophthalmic Goiter ^Mth Specific Anti- 
serum, Jour Am Med Assn , 1911, Ivi, 263 
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enaowed The only defined physiological activity of the thyioid secietion 
lb that determined by its lodin content lodin is related to the exoph- 
thalmic goitei thyioid in the same way that lodin is related to the thyroid 
of othei clinical associations and of other animals as well, viz , that lodm 
vanes inveisely with the degree of active hyperplasia The ability of the 
exophthalmic goitei thyroid to take up lodin vanes with the degree of 
active hypeiplasia (hence inversely with the amount of lodin present) and 
is similar to that of other active thyroid hyperplasias in man and the 
lowei animals lodin induces the same series of anatomical changes in 
exophthalmic thyioid goiter as in the othei varieties of thyioid hyper- 
plasias in man and animals 

The temper atuie and pulse leactions both before and after opeiation 
tend to vaiy with the degree of thyioid and lymphoid hyperplasia The 
differences between the leactions in cases with normal or with colloid 
glands and the reactions in eases with marked hyperplasias are too slight 
foi a suggestion of any cause and effect relation The pulse and tempei- 
atuie leactions and the thyroid hypeiplasia are parallel and resultant 
phenomena dependent on more geneial and moie i emote causes 

An incomplete exophthalmic goiter syndrome may exist with the 
thyroid noinial, or the thyroid may be markedly hyperplastic with the 
syndrome absent, oi, finally, the histological structure and lodin content 
of the thyroid in a given case of exophthalmic goitei may be reversed 
without necessarily modifying the symptom-complex 

M3'xedema does not precede, it occasionally accompanies, but usuallv 
supervenes late in the course of exophthalmic goiter and is to be looked on 
as the end stage of thyroid insufficiency 

I’lie immediate postopeiative moitality with its associated high tem- 
peiatiire and pulse-iate in uncomplicated cases, varies with the degree of 
active lymphoid and thyroid hyperplasias and is most probably the result 
of the organism’s profound geneial weakness and exhaustion The degiee 
of active lymphoid and th3uoid h3'peiplasia is therefore the best index o 
the ‘^everitv of the disease 

The essential physiological distuibance of the thyroid in exophtha mic 
goiter IS insufficiency, its reaction compensatory and its significance 
symptomatic 


Note— W e wish to acknowledge our indebtedness to ® UiTuae 

for many criticisms and suggestions, and to Piofessor G 
of his suigical material 



THE SYMPTOMATOLOGY OE TEMPOROSPHEHOIDAL 

TUMOES=' 

FOSTER KENNEDY, MD, BCh (Queen’s) - 

NEW YOKK 
INTRODUCTION 

In a paper on the ^Hiocalization of Intracranial Tumors/^ Bjiom 
BiainwelP has stated that in two cases repoited by him in which the 
tumoi involved the temporosphenoidal lobe, there weie, piaetically speak- 
ing, no localizing symptoms 

I have been in the habit of legarding the temporosphenoidal lobe as, par 
excellence, the silent area of the brain In tne relative older with which they 
can be most easily and certainly diagnosed I would place tumors in 

the following situations (1 and 2) pons Varolii and medulla oblongata, (3) 
centrum ovale (cases in which the optic radiations of Gratiolet are directly 
implicated) , (4) tumors of the occipital lobe, involving the half -vision center 
or the optic radiations, (5) tumors of the motor area, in which the tumor pro- 
duces iiritation and gives rise to localized epileptifoim convulsions, (6) tumors 
of the cerebellum, (7) tumors of the frontal lobe, (8) tumors of the upper part 
of the parietal lobe, and last of all, the most difficult to diagnose and locate, 
(9) tumors of the temporosphenoidal lobe and especially, of course, tumors of 
the right temporosphenoidal lobe 

That the words which I have imderlmed represent an opinion very 
generally held is evident, when we find that writers of the eminence of 
Beevor- and Mills^ have also in recent years laid stress on the gieat 
difficulty in the diagnosis of tumors involving the cerebral area below the 
Sylvian fissure 

As an example of this difficulty may be mentioned the case repoited 
by Alexander Bruce, which, notwithstanding the presence of intense 
headache, light facial weakness and maiked disability in speech, was 
diagnosed as “hysteiia,” but which on autopsy was found to have a tumor 
the size of a hen’s egg in the anterioi third of the left temporosphenoidal 
lobe 

’‘The author wishes to express his thanks and his great indebtedness to the 
members of the medical and surgical stafif of the National Hospital, London, for 
their permission to make use of the material on which this paper is based 

1 Bramwell, Byroin Localization of Intracianial Tumors, Brain, 1899, 
xxii, 37 

2 Beevor Localization of Cerebral Tumors, Lettsoni Lecture, Lancet, 1907, 

1, 495 

3 Mills Tumors of the Cerebrum, 1906 p 30 

4 Bruce Tr Med -Chir Soc , Edinburgh, 1SS2, ii, 94 
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The consensus of authoritative opinion seems then to characterize the 
tempoiosphenoidal lobes as by fai the most latent aiea of the brain 
They aie vast legions piaetically unchaited, foi in them experimental 
physiology has been able to assign definite functions to but compaiatively 
small poitions Again, tempoiosphenoidal tumors are lelatively laie, and 
ohsei’veis have only exceptionally been able to study more than single 
isolated cases Hence, a systematic examination of the symptomatology 
of tins condition has hitheito been impossible 

Dmmg my lesidence at the National Hospital for the Paralyzed and 
Epileptic, I had oppoitunities foi lepeated examinations of a large 
number of such cases 

In some, in which the symptoms were clear and the diagnosis certain, 
the patients, foi vaiious reasons, weie dischaiged fiom the hospital 
without opeiation, in others, death supeivened and peimission for 
autopsy was refused, in otheis, again, the giowth was found to involve 
not only the tempoial but also the fiontal, oi paiietal oi occipital regions, 
thus possibly intioducing doubt as to the causation of the symptoms 
Eoi the pui poses of this papei all such cases have been neglected, and 
only those nine in which the lesion was pioved to be confined to the 
temporal lobes will be reviewed By thus rigorously confining my atten- 
tion to indubitable cases of temporosphenoidal tumor, I hope con- 
vincingly to demonstrate, first, that such tumois piesent a definite and 
unifoim symptom-complex, pathognomonic of tumois in this region and 
m this region alone, and, second, that not only can they with certainty 
be diagnosed, but that it is still furthei possible clinically to distinguish 
those in the light hemispheie from those in the left 

It must be lemembeied that an inti acranial tumor is not merely a 
localized lesion affecting centers in its immediate vicinity alone, but it 
also acts as a foreign body growing in a non-distensile space and pro- 
ducing in a definite and almost invariable sequence, compression of 
eenteis moie or less remote 

The symptoms-eomplex to be put forwaid later as characteristic of 
tumois in the right and in the left temporal lobes, are the result of 
systematic examinations of patients with especial regard to the effects of 
irritation or destruction of centers proved experimentally to be situated 
in these areas, and also to the results of compression in all directions on 
ad]acent structures, as will be shown, the success attendant on the sub- 
sequent surgical procedures has been considerable 

It may be said that the greater the latency of a biain area, the greater 
the difficulty in the diagnosis of damage to that area, but also, if acoessi- 
bilitv be granted, the more safely can one operate on that area 

The value of the removal of any intracranial giowth as regards the 
restoration of normal health to the patient must depend largely on the 
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degiee of latency of the hi am tissue affected, and the ability of the 
patient to cany on a useful oi comfortable existence without the aid of 
that brain area, the removal of a left-sided subcortical fronto-paiietal 
giowth lesultmg, perhaps, in complete right hemiplegia and motor 
aphasia, is an entei prise not lightly to be undertaken, nor is a tumoi in 
one of the pontine angles in a much more favorable position, in spite of 
the power of the unaffected lobe of the cerebellum to effect more or less 
compensation foi the destiuetion of its fellow, but in the right temporo- 
sphenoidal lobe we have a region compaiatively latent and eminently 
accessible 

THE LOCALIZATION OF THE CENTERS FOR HEARING 

By extirpation of the posterior divisions of the three external tem- 
poral convolutions of each hemisphere, Munk“ was able to produce com- 
plete deafness in dogs by vaiying the area of cortex removed, he believed 
that he could distinguish separate centers concerned with “cortical” and 
“psychic” healing, and also with the exact appreciation of pitch, the 
higher tones appaiently were perceived in the anterior, and the lower in 
the posterior parts of these convolutions 

His views were not endorsed by Perrier,® whose experiments showed 
that in monkeys complete deafness followed the cauterization of the 
superior temporal convolutions on both sides of the brain 

The effect of stimulating the superior temporal convolution of one 
side was found by Perrier,® Hitzig’ and Goltz'^ to consist in a prickmg 
of the opposite ear, wide opening of the eyes, dilatation of the pupils and 
turning the head and eyes to the opposite side all the secondary phe- 
nomena of audition 

On the other hand, Schafer,® repeating Perrier’s experiments, was 
unable to obtain the same results 

Campbell® found that the temporal convolutions known as the trans- 
verse gyii of Heschl differ from all other parts of the tempoial lobe in 
the histological structure of their fibers, which are corticipetal and evi- 
dently represent the uppermost link in the chain of auditory neurones 

Having reviewed the functions of the analogues of these fibers in the 
visual aiea, CampbelB® suggests that the transverse temporal gyri repre- 
sent the primary center for the reception of auditory stimuli, it follows 
that ablation of these convolutions from both hemispheies would result 

5 Munk TJeber die Funktionen der Grosshirnrinde, 1890, p 31 

6 Ferrier Functions of the Brain, 18SG, p 305 

7 Hitzig and Goltz Quoted by Lewandowsky in Die Funktionen des zen- 
tralen Nervensystenis, Berlin, 1907 

8 Schafer Brain, 18SS, xi, 143 * 

9 Campbell Histological Studies on the Localization of Cerebral Function, 

1905, p 1G9 

10 Campbell Histological Studies , 190o, p 101 



320 


THE ARCHIVES OF INTERNAL MEDICINE 


in total deafness, and theie aie reasons foi believing that the discrepancy 
between the lesiilts of I’eriier’s and Schafer’s expeiiments may have an 
explanation in the failiue of the lattei to remove these transverse 
convolutions 

To summarize this gieatly cui tailed account, it may be said that the 
consensus of opinion — experimental, clinico-pathological, and anatomical 

is in favoi of the centeis foi heaiing being situated in the transverse 
temporal gyii of Heschl and the posterior thiee-fifths of the superior 
temporal convolutions 

THE LOCALIZATION OF THE CENTERS FOR SilELL AND TASTE 

Bioca^^ in 1879, and ZuekerkandB" some years later, demonstiated 
that in animals with a highly developed sense of smell, there is a cone- 
sponding enlargement m the lobus pyriformis, which forms a large 
part of the hippocampal convolution; it was also shown that the size of 
the pyiifonn lobule is gieatly reduced m anosmatie animals, and degen- 
eiation has been found in this same area after division of the olfactory 
bulb of the same side 

The presence oi absence of the olfactory sense in the lower animals 
is difficult to determine, but Terrier^® found that electrical irritation of 
the hippocampal lobule in the monkey, cat, dog, and rabbit, was followed 
by the same reaction in all — a peculiar torsion of the lip and nostiil, 
paiticulaily of the same side, and ablation of this region was followed by 
a loss of perception of odors and tastes 

Climcopathological evidence m the main confirms Ferrier’s view that 
the olfactory and probably gustatoiy centers are situated in the hippo- 
campal lobule, while Hill’s^"* obseivation that the gyrus dentatus of the 
coinu ammonis is the only structuie wholly wanting in the anosmatie 
biain, tends more accurately to define this localization 

SYMPTOMATOLOGY 

The various phenomena of intracranial tumors are usually separated 
into those produced by general pressure, and those produced by focal 
disturbance in the neighborhood of the growth This division is one 
which many times has been shown to be not only unscientific but also 
clinically fallacious In the description of a series of cases having many 
points in common, howevei, it is convenient, and solely for this leason 
IS it here retained 

11 Broca, P Localisations c6r6brales, reclierches sur les centres olfactifs, 

Rev d’anthrop , Pans, 1879, ii, 390 

12 Zuckerkandl Uebei das Eiechcentrum, Stuttgart, 1887 

13 Perrier Functions of the Brain, p 316 

14 Hill The Hippocampus, Phil Tr Roy Soc London, 1893, cH-vs-iv 
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A detailed examination of the symptomatology of the nine cases 
nndei review will enable ns to asceitain the charaeteiistic effects of tumor 
giowth in the tempoiosplienoidal lobes, and later to differentiate those on 
the right (Cases 1, 2, 3, 4) fiom those on the left (Cases 5, 6, 7, 8, 9) 

Signs and symptoms of geneial mtracranial pressure 

Headache 

Headache was present in all It was raiely constant It occuired at 
irregular and often at long intervals, and was usually spoken of as 
coming in bouts oi attacks synchronous in many cases with nausea and 
vomiting In only one respect, howevei, was it of uniform chaiacter — as 
regards localizing value it was little moie than useless In no instance 
was the pain leferied to the temporal region, and only in Cases 1, 4 and 5, 
was It more frequently felt on the same side as the tumor In two cases 
the headache was occipital, in five frontal, and in two it was referred to 
both the frontal and occipital regions 

It IS impossible from a series of nine cases of tumor affecting a single 
brain area to draw conclusions applicable to other intracranial growths, 
but it IS essential here to emphasize that not in a single instance was the 
headache of these temporosphenoidal eases referred to the regions of the 
tumor site Neither was there in any case localized cranial tenderness 

VonixUrvg 

Vomiting occuired with variable frequency in each of the nine cases, 
two patients suffered from smgle attacks of short duration, three had 
bouts at intervals of several months, and four were subject to attacks at 
frequent but irregular periods In all, nausea alone often occurred, and 
it invariably accompanied the vomiting which in no sense presented feat- 
ures distinguishing it from that of gastric origin thus, it did not conform 
to the “projectile type,” which by many is erroneously considered to be 
the essential eharacteiistic of the vomiting of cases of intracranial 
growth In foui of these cases, nausea and vomiting were particularly 
associated with subjective unpleasant sensations of taste and smell, and, 
it might he argued that these features tended to prevent the appearance 
of the vomiting of classical type, but, broadly speaking, the condition 
found in this senes, is identical with that which occurs m most cases of 
tumor situated above the tentorium cerebelli 

Papilledema 

Leslie Paton^'^ recently brought forward statistical evidence to show 
the impossibility of leaching tiustuoithy conclusions as to the site of a 
tumor in the cranial cavity from the gi eater degree of edema in one or 

15 Paton, Leslie Ti Ophtli Soc U Kingdom, 190S, wmh, 112 
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othei of tlie optic disks This iconoclastic opinion was at the time 
emphatically opposed by Sii Victoi Hoisley and Sir William Gowers, 
and then view has lately been endorsed by Kisien Enssell 

Hence it may be of inteiest to ascertain what diagnostic value this 
sign possessed in the piesent senes. Bilateral papilledema was present in 
eight of my nine cases when first they came undei observation, in the 
other, the condition developed within ten days of admission in the eye 
ipsolateial with the neoplasm, and was found in the contralateral eye 
also some three or four days later 

In one case (Ho 2) the condition was subsiding into atrophy in both 
eyes, especially the right, but m the remaining eight the type of 
papilledema was that usually associated with lapid onset and severe 
intracranial piessuie Careful measurements of the degree of the 
swelling of the disks were taken in seven cases and were found to vary 
between three and ten diopters, the greater swelling was ipsolateral with 
the tumor in five eases and contralateral in one, m the last the edema 
was equal on either side It must be again pointed out, with reference 
to the interpretation of these figures, that the only case in which a greater 
degree of swelling was found on the side contralateral to the tumoi was 
also the only ease m which the pathological process was in a retrograde 
condition, and that, accordingly, the true meaning of the appearances 
was tlrat the ipsolateral edema was of earlier origm than the contralateral, 
had advanced further, and at the time of observation had more nearly 
completed its life-histoiy that this is the explanation of the condition 
will be at once apparent when it is added that in the ipsolateral eye there 
was much old exudate, whereas m the contralateral there was none, that 
the retinal aiteiies weie much more diminished m size in the ipsolateral 
eye, and that the acuity of vision in each eye was in direct proportion to 
the degree of arterial change 

Sir Victor Horsley^^ has many times pointed out the error of esti- 
mating the seventy of papilledema by the height of the disk swelling 
alone and has demonstrated the absolute necessity of considering as one 
complete picture all the appearances shown by ophthalmoscopic examina- 
tion before accurate conclusions are to be attained 

It IS convenient here to group retinal hemorrhages, retinal stnations 
and the phenomena known as macular figures under the heading of 
“exudates,” and it is generally agreed that in the majority of cases the 
presence or absence of such exudates assists an obseivei to an opinion 
on the seventy of the condition 

IG Eussell, Eisien The Ceiebellum and Its Affections, Lettsoin Lecture, 

Brit Med Jour, 1910, p 497 

17 Horsley, Sir Victor But Med Join , 1910 
IS Gunn, Marcus But Med Joui , 1907, p 1126 
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Six of these cases had more exudate on the fundus oculi ipsolateial 
with the tumor, one had moie on the contralateral fundus, and in two 
eases the amount seemed identical on the two sides The result of 
craniectomy on the condition of the optic disks was remarkable, six 
patients were dischaiged fiom the hospital, fiom four of whom a tumor 
had been removed In two of these papilledema had disappeared a month 
after the operation and m each of the othei two it had subsided by four 
diopters, this result was associated in every case with marked improve- 
ment in visual acuity 

In the two cases in which the tumor was seen but not removed 
papiUedema completely disappeared 

Leslie Paton and others have spoken of the frequency with which 
patients suffering from papilledema complain of transient amblyopia 
seven of my patients complained of this symptom and spoke of it as 
having been productive of very considerable distress 

Bordley and Cushmg^“ m a recent communication have advanced the 
suggestion that in cases of heightened intracianial pressure there is a 
marked diminution in color perception, and in cases in which there 
obtams gradually increasing pressure on an optic tract it has been long 
recognized that m the earlier stages of the disease there may be complete 
color-blmdness in the opposite visual field, with retention of all other 
forms of visual perception An exammation of the pathological find- 
ings in my patients suggests the probability of hemianopia or hemia- 
chromatopsia havmg been present during life owing to the proximity of 
the growth to the optic tract and radiations In all cases the existence of 
hemianopie defect was consideied and negatived as the result of 
exammation 

Live patients were examined peiimetncally for various colors, the 
sole abnoimality discovered was the concentric contraction of the visual 
field so often associated with severe, and especially with protracted, 
papilledema 

Fits 

Under this generic title I shall describe the seveial varieties of 
pyschical and physical phenomena arismg presumably as the result of 
irritation of ceiebral centeis by tumor growth in the temporosphenoidal 
lobes 

It seems most convenient as a preliminaiy measure to divide these 
into majoi — those attacks m which consciousness was lost — and minor 
those in which consciousness was retained though in some cases 

tiansfoimed 


19 Bordley and Cushing, H Arch Ophth , 1909, 451 

20 Snanzy, Sir Henry Olner and Korns' Diseases of the E%e, -N 
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All but two patients of my senes (Cases 3 and 6) suffered at some 
time 01 otbei fiom sudden attacks of loss of consciousness, associated 
with cyanosis, stertorous respirations and in four cases generalized con- 
vulsions were also piesent, with tongue-bitmg and sphincter relaxation 
These seizures, in themselves, present little to distinguish them from 
those commonl}^ seen in patients suffeiing from epilepsy of so-called 
idiopathic origin, but it is to be noticed that in all, a warning or ^^aura’^ 
of some kind was present, and in all, some disability eithei in speech or 
in the motoi and sensoiy systems followed the attack Patient 2, who 
had hei only majoi attack in the hospital was found to have a condition of 
reflexes after the fit had passed, signifying that a greater stress had 
fallen on the light hemisphere than on the left — the left abdominal and 
epigastric leflexes being abolished, while then fellows weie but slightly 
diminished — and the left plantar reflex being of extensor type m contrast 
to a flexor response on the right side 

In two other cases (1 and 5) there was a histojy of postepileptie 
weakness in the limbs contialateral to the tumor, ana patients 5, 6, 7, 8 
gave an account of transient difficulty in speaking after each attack, the 
nature of this will be dealt with later 

Those attacks which weie not associated with definite loss of con- 
sciousness weie of so varied a nature as to demand examination in 
detail 

Dr Hughlings Jackson-^ was the first to draw attention to a type of 
epilepsy in which the general attack was associated with subjective sen- 
sations of taste and smell These, he considered, weie due to irritation 
of the anteiior poles of one or other temporosphenoidal lobe, where Dr 
Perrier by experiment had succeeded in localizing the centers for these 
senses Pollowing the clue given him by Perrier’s experiments, he called 
such seizures “uncinate fits,” and latei was able to piove the correctness 
of his hypothesis by the examination of the brains of peisons who, dui- 
ing life, had been subject to epilepsy of this description 

Sander,-- Lockemann,^^ Westphal-'* and Schlager-® all reported cases 
of general epilepsy preceded by subjective sensations of smell, m which 
tumors were found involving the fiontal and tempoial lobes, in all of 
these early cases, howevei, the olfactory bulbs or tracts weie aflected 
together with the hippocampal gyri, and fiom them no precise conclu- 
sion could accordingly be reached regarding the functions of the last- 
named convolutions 

21 Jackson, Hughlings Med Times and Giz , 1876 

22 Sander, Wilh Epileptische Anfalle mit subjektiven Geruclisempfindungen 
etc, Aich f Psychiat, 1873 1874, iv, 234 

23 Lockemann Ztschr f ration Med , \ii, 340 

24 Westphal Allg Ztsclu f Psychiat, 485 

^5 Schla-rer, Ludw Ztschr d Gesellsch d Aerzte zu Wien, 18o8 
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In 1882, however, McLane Hamilton”® of Hew York published a 
case of a woman who had sustained a head injury in childhood and 
afterward was subject to sudden attacks “of disagieeable odor, some- 
times of smoke, sometimes of a fetid character, which rose in her head 
and choked hei” — an experience almost invariably followed by general 
epilepsy. She died of phthisis two years after coming under observa- 
tion, and was found to have a hemonhagie pachymeningitis localized to 
the anteiior and inferioi part of the right temporosphenoidal lobe The 
olfactory bulbs and nerves were unaffected 

In 1886 Anderson”'^ repoited a case of pituitary tumor involving the 
left temporosphenoidal lobe in which during life there had been par- 
oxysmal attacks of “a rough, bitter sensation in the mouth” with ehew- 
spitting movements and other phenomena to which refeience will 
be made later 

Hr Jackson®® also drew attention to peculiai, transient, psychic 
variations of somewhat elaborate character occurring as an expression 
of unstable nervous control, and often heralding or replacing a severe 
epileptic convulsion 

Complex intellectual states occurring as the initial stage of “grand 
mal” were alluded to by Heipm®® in 1867, who reported the following 
case 


Une jeune personae d’un 4sprit ti6s obseivateui racontait ainsi le d6but de 
ses attaques “Je suis prise, sans cause, d’une tristesse subite, et a Finstant meme 
mes yeux restent fi\6s sur un objet et ma pens6e sur une id6e qui me rappelle 
I’lmage trfis-nette d'un ancien rfive, Vid&e fixe m’absorbe tellement que, quoique 
]e regarde toujours veia le meme point, je ne vois plus d’objet ” 


This “voluminous mental state” as desciibed by Dr Jackson was 
often associated with those crude sensations of taste or smell which have 
been mentioned above as being due to irritation of the uncinate gyri, 
and masticatory movements have been frequently observed suggestive 
of a discharging lesion in the neighborhood of the gustatory centers 
As a third association with dreamy states may be cited an epigastric 
sensation, invariably unpleasant and often accompanied by a feeling of 
intense fear 

It IS not claimed that these incooi dinated resuscitations of sensory 
impressions, now Icnown as dreamy states, can occur only as the result 
of gloss irritation of the tempoiosphenoidal lobes, but rather that in 


20 Hamilton M’Lane On Cm tical Sensory Discharging Lesions, \ork 

Med Jour, 18S2, xxxv, 582 

27 Anderson, James Sensory Epilepsy, Brain, 1880, ix 

28 Jackson, Hughlings On a Particular Variety of Epilepsy, etc. Brain, 

'®1o“®nc’rpm "L accte ...complet, d’Cp.leps.e, ISOT, quoted b, II Joeb-on 
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those cases in 'which they occuiied, and organic intiacianial disease was 
later found to be present, the lesion has invariably been found to be 
situated in the temporal lobes 

That they may occur in persons -who are to all outward appearance 
in perfect health is patent when one considers how many references to 
them are scattered through the entire body of English literature, nor 
need inquiry among apparently normal individuals be far extended 
before a '^subject" be discovered 

Descriptions of dreamy states show extraordinary variations, pos- 
sibly dependent on the seventy of the attack, on the causative factor of 
the attack, and certainly to a great extent on the power of the patient 
accurately to observe his expeiiences, and later to clothe them in lan- 
guage sufficiently concrete to be intelligible 

The dreamy state is seldom associated with actual loss, but rather 
with an alteration of consciousness, the patient suddenly becomes aware 
of everything being changed, yet very familiar, a feeling of reminis- 
cence, as though eveijfthing had happened before, so long ago that 
measurements of time are tianscended, the feeling of old-time familial - 
ity IS so acute that it seems as though it musi be that he swell/ Imows 
what IS about to happen, what the next word in the conveisation will 
be, what the next movement of his companion will bring about The 
sense of prescience is so acute as to give mental pain because of its 
inevitable unfulfilment, he stands foi an instant on the very edge of 
the ^ffinknowable” — ^the veil is about to be tom away — and then, as sud- 
denly as it came, the elevation of consciousness is gone and the common- 
place returns That the condition is not of the nature of a memory 
IS apparent on questioning the more intelligent of those who experi- 
ence it, it IS not even a memory half -grasped but still elusive — that, 
at least, is tangible though evasive, it is of ordinary expeiience and 
subject in the greatei part to conscious control, but tlm is beyond all 
things, beyond thought or wish, and beyond language to poitiay 

It has been said^® that attacks such as these aie not found in the 
uneducated or in persons incapable of entertaining abstract ideas, but 
IS it not more probable that subjects of lower mental development aie 
unable lucidly to narrate psychical phenomena of such varied and nebu- 
lous character as tax to the utmost the descriptive powers of some of 
the greatest masters of the English tongue^ 

Tennyson says 

As when with downcast eyes we muse and brood, 

And ebb into a former life, or seem 
lo lapse far back in some confused dream. 

To states of mystical similitude, 

30 Crichton Bi oivne. Sir, James Cavendish Lectuie, Dieamy Mental State®, 
1895, p 7 
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And again in Two Voices” 

Moreover, something is oi seems, 

That touches me with mystic gleams. 

Like glimpses of foi gotten dreams — 

Of something felt, like something here, 

Of something done, I know not where, 

Such as no language may declare 

Where deteat is almost acknowledged hy such a singer, how can we 
expect mute and mglorious patients to succeed’ 

Of the present senes, seven patients gave an account of attacks of 
‘^commg ovei dieamy,” dm mg which they looked “dazed and lost,” but 
only two, both of whom weie exceptionally intelligent, were able much 
further to elaborate their descriptions 

The type of dream}'- state uhich I have attempted to describe is prob- 
ably the least complex of those which are found associated with gioss 
intracranial disease, in a consideiable numbei the nutation of the higher 
mental centers produces, not merely “a peculiar thought” as a man under 
Dr Coats^^^ observation expressed it, but a subjective projection of that 
thought, so that before the patient there appears, as it weie, a miiage 
or, moie commonly, specter faces 

It may be said, however, that certain elements — defective objective, 
and inci eased subjective consciousness, and a sense of reminiscence, run 
through all these primitive forms of mentality like the theme in an 
opera 

It IS well-nigh impossible to classify the various modifications of 
dreamy states which were present in these cases indeed, the terms in 
which several of the patients described their attacks weie so vague that 
no paraphrase could successfully convey then meaning 

For over twenty years my first patient had had epileptic fits of ordi- 
nary character and without auise, at intervals of three to six months 
In May, 1907, while dressing, she suddenly heard a bell ringing, then 
saw a “strange bad woman” clad in rags, and smelt a most evil odoi 
which originated, she thought, in the stranger’s clothes, she felt ter- 
ribly afraid “as though some awful thing were about to happen” , nausea 
was present and she complained of pain around the heait, and in the 
pit of the stomach, and tingling thioughout the inner aspect of the left 
upper limb For some seconds she seemed dazed and f lightened, then 
screamed^ became suddenly unconscious and passed tliiough all the stages 
of a severe epileptic attack which in no way differed fiom hei pieiious 
fits 

While in the hospital she had several such attacks in which, hov- 
evei, the sensation of dread was often the first warning of the onset of 


31 Coats Brit Med Join 1S7G, ii 
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a fit, and in the stress of this emotion her facial expression invariably 
was that of one ‘^facing an expected horror’^ 32 (compaie Case 3 ) 

The psychical pi ejection m this case, in its elaboration and the con- 
stancy of its recurrence, resembled that of a patient of Dr Hnghlings 
Jackson and Di Beevor,^^ m which, howevei, the vision of the 'little 
black woman engaged in cooking” was not associated with any sensation 
of ten 01 , but on the contraiy was rather agreeable than otherwise 
Neither of these patients was deceived as to the unsubstantial nature 
of hei visitor, noi among other cases I have seen or read of was there 
one in which the patient doubted the subjective nature of the phenom- 
enon An impoitant feature of V D^s attacks was the occurrence of 
tinglmg in the left aim and hand, due to "spread” of excitation to the 
post-Eolandic coitex — theoretically a probable and fiequent event but 
in reality of raie occuiience as a result of tumor growth in the temporo- 
sphenoidal lobes Anderson’s patient,-^ to whose case reference has 
already been made, had attacks in which there was a combination of 
crude subjective sensations of taste with dreamy reminiscences of con- 
siderable complexity, prefaced by a "peculiar sensation” in the arm and 
hand contialateral to the tumor 

It IS necessary now to consider the experiences of my second patient 
— a schoolmistress and an exceptionally intelligent woman She was 
admitted in July, 1907, complaining that for two years she had been 
subject to "nervous attacks sudden, inexplicable shocks associ- 

ated with an indescribable feeling of terror and apprehension, which 
would pass o£[ in a minute or two and leave me weak and trembling” 
There was no loss of consciousness These sensations were apparently 
causeless, and occurred several times daily quite independently of what 
she might be doing at the moment 

Hei general health was unaffected ffrom January, 1907, she could 
distinguish two types of seizure 

1 Major attacks occuried daily, beginning with “an overpowering sensation 
as It I am going into a sound slumber a kind of dreaminess, 

I feel prostrate I know where I am, but my feelings seem unreal a 

far away unearthly feeling I know that I am myself all the time, 

neither I myself nor the things aiound me are changed, but the relationship 
between myself and them is altered I do not think I can speak in these attacks 
I was in one when Sister came round a little while ago I knew she was neai, 
but I could not take the medicine, I could not explain to her why I could not 
take it I do not think I can move in these attacks 

“Sometimes there is a kind of buzzing, whiiring sound, which seems imreal 
though not far off I do not take any interest in things, though I am aware of 
them I always try to find out what the attack is like, I am sufficiently con 

32 Jackson, Hughlings and Stewart Purves Case of Tumoi in the Eight 
Temporosphenoidal Lobe, Brain, 1899 

33 Jackson and Beevor Brain, 1889 1890, \ii, 358 
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scious to try to remember what I am experiencing m ordei to tell the doctors 
about it Neaily always there is a terrible sensation of fear, I am aware 
there is nothing to be afraid of, but the feeling of pure fear is as bad and 
lioirible as it was at first” [a leference to the attacks originating eighteen 
months befoie] 

“This fear is not associated with any object or person whatever — Jcnow 
everything is all right but, nevertheless, this dread [of nothing] peisists during 
practically the v/hole of the attack ” 

She had no visual phenomena, and she had neither defective orienta- 
tion of her limbs nor feelings of tiansference of herself in time or space 
Neither was theie any sense of disturbance of the size of herself or 
parts of herself (Anderson’s patient had a sensation of ^^swelling” in 
the hand contralateral to the tumor ) children always know when 

I am going to have an attack because of the movement of my face, 
they tell me I make champing, sucking movemerts and twist my mouth 
about ” 

These attacks were not essentially associated with sensations of rhffi- 
culty in bieathmg or with any cardiac sensations, which were more often 
piesent in what she called 


2 Minor attacks occurred ten oi twelve times a day They varied much 
“It’s a sudden feeling of hopeless despair, though I’m naturally always in good 
spnits I know there is nothing to be despondent about It’s 

not in relation to any of my thoughts oi ideas I do not despair about anything, 
but it’s just as haid to bear for the time being” 

“Other unhappy, uncomfortable sensations may constitute the attack, which 
I can’t find adjectives to express I want to know what they are all 

about they seem so strange, and without cause These sensa- 
tions never seem to be real even when I am feeling them I know they 

have no cause, but I can’t thiow them off” 


In August, 1907, this patient for the first time began to have fre- 
quent subjective sensations of smell 


“It comes several times a day, and bears no lelationship whatever to my 
other attacks I am quite certain of this It often lasts as long as 

ten minutes, it seems to be in the waid round about (nevei in the nostrils) , 
it seems to come from somewheie on my right, what makes me think it is my 
own creation is that I know I don’t really smell anything ” 

“This smell is neither pleasant nor unpleasant, it is not of the natuie of a 
scent nor a peifume but rather like something in a factoiy or a brewery, it 
IS quite unfamiliar I have never smelt anything like it before 


She nevei had any subjective sensations of taste 
On Oct 16, 1907, she was sitting up in bed writing a letter, when 
she suddenly felt strange sensation of dread of being o%ei- 

poweied ovei whelmed ” 

“At the same time I felt my neighbors must liave known what was wrong 
with me, that they must be looking at me I seemed almost to know 

what was passing in their minds about me just as it there ‘ 

been some ‘wireless telegrapliv’ between nijself and them Then 
different as though I were somewhere else there were a 

voices I don’t remember anv more” 
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She then utteied a shiill ciy and fell back'waids and to the light 
she became cyanosed and bieathed steitoiously The left side of her 
face was contoited, the upper extremities weie adducted and semiflexed 
at the elbows^ the hands were tightly clenched This iigidity was main- 
tained foi a few seconds and succeeded foi some ten seconds more by 
slight jeiking movements of all four limbs 

Five minutes aftei the letuin of the coineal reflexes, she was found 
to have maiked weakness in the left side of the face, of supra nuclear 
t}'pe, exaggeiation ot the deep leflexes on the left side, abolition of the 
left abdominal and epigastric leflexes, while the plantar response of the 
same side was definitely of the extensor type The reflexes of the right 
side were normal in all respects 

Kefeience may now be made to the five icmaining patients of my 
senes who complained of sensations analogous to those I have just 
desciibed 

Patient 3 never complained of ‘^attacks” at any time, he spoke of 
frequently hearing "a sound like singing,'^ which, however, he was 
unable to describe in any fuither detail 

Patient 4, foi three months previous to admiwion to the hospital, 
was subject to ^'sudden attacks of faintness and dreaminess’^ during 
which — according to his wife — ^flie looked dazed, and had a far-away 
look m his eyes ” 

These fits were fiequently accompanied h a ^^sudden taste in the 
mouth — like ink,” and a sensation of smell, which he never described 


but always complained of 

He was under observation for but three days, during which he was 
evident^ sufieiing from very severe general in ti acranial pressure with 
consequent mental impairment, fuither details of his seizures were there- 


fore not obtainable 

Patient 5 was subject to "sudden attacks of strangeness . I 

get a swimming in the head, not a dizziness exactly I 

dreamy but I don’t lose myself,” i e , he did not lose conscious- 

ness This patient never had subjective sensations of any special tense 
Patient 6 had had attacks since May, 1907, in ivhich he "looked 
dazed and lost” He did not lose consciousness in these seizures, but 


while they were in progress he became completely unable to recognize 
his surroundings or to tell where he was — and although he ''had been a 
sailor for many jears he was without power to distinguish the points o 
the compass as long as this curious mental state persisted He never 
suffered from loss of consciousness nor convulsions, nor had he at any 


time any crude sensations of smell and taste 
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Almost completely analogous to the condition of this patient is that 
of one reported by Sir James Grichton-Browne,®'* who ‘^hn youth and 
manhood was distressed by brief seizures which may be described as loss 
of orientation, but which he himself nicknamed topographical topsy- 
turvy^’ Generally, when out walking and alone, his consciousness of his 
geographical bearmgs became momentarily confused, and this without 
vertigo 01 apparent movement of objects from side to side 

Patient 7, for three months before coming under observation, had 
suffered from frequent subjective sensations of taste and smell, ^dike a 
vapor in the mouth like the smell of smoke - the smoke 

of a foul pipe coarse tobacco ” This sensation prefaced three 

attacks of loss of consciousness and generalized convulsions, but also 
frequently occurred alone The patient had no dreamy states 

Patient 8 was a woman who had had, as was found at the operation, 
long-standing ventiicular distention, m addition to suffering from a con- 
siderable degree of aphasia, she was mentally inarticulate Foi seven 
years she had been subject to attacks of major epilepsy, prefaced by “a 
horrid smell of rotten fish,” and followed by transient difficulty in speech 
In addition to these more serious manifestations she had frequent sudden 
attacks “of coming over dreamy,” which may have been the result of 
increased intracranial pressure but which, in so far as each was invariably 
preceded by an olfactory aura, were in all probability produced by a dis- 
charging lesion in the region of the uncinate gj'Tus of one or other side, 
spreading to the adjacent tempoiosphenoidal convolutions 

This patient had many such seizures when under observation , she 
would suddenly exclaim, “Oh, the smell,” make smacking and spitting 
movements with the lips, and gestures of disgust and repulsion Hei 
face would become pale and anxious, and hei eyes fixed on some far- 
distant point She usually answered if spoken to, but in a low colorless 
voice, consciousness was nevei lost and the reflexes remained unchanged 
The duration of such seizures was usually about two minutes 

During the five months previous to admission to the hospital. Patient 
9 complained of “an almost constant horrible taste m the mouth ” Por 
the same period she was subject to momentary losses of consciousneas, 
with frequent sudden lapses of memory foi the names of familiar objects, 
she had no dreamy states 

Speech Defects 

Prom cases of neoplasms producing functional depression or destruc- 
tion not onlj ot sharply limited and contiguous zones of brain tissue, but 
also of areas situated at distances varying directly with the size of tlie 
tumoi, the rate of its gioivtb, and the degree ot ventricular disieiuxon 

34 Cricliton-Browne, Sw Jimes Dreamy Mental States, p 1C 
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it has cieated, it is impossible to piocuie piecise data of the cerebral 
localization of the several attiibutes of speech 

Such data have been acquired bj the study of the effects of expen- 
mental lesions, and by the investigation of cases in which the lesions 

were of sudden origin, of definite limitation, and decisively destructive 
in their results 

The effects of tumor formation in oi near centers concerned in speech, 
thus localized, differ materially from those produced by vasculai lesions 
in the same situation, and consist, at least in the earlier stages of the 
disease, in deteiioiation rather than in abolition of function of the 
centers and their annexes 

We aie now more immediatel}' concerned ivith the auditory center, 
which, as has been shown above, is probably situated in the transverse 
temporal gyii of Heschl and the posteiioi thiee-fifths of the superior 
temporosphenoidal convolution The subdivision of this center into one 
aiea immediately concerned with the appreciation of oidinaiy and of 
musical sounds, and another, reserved foi the mterpretation of heard 
speech, may for oui piesent purpose be neglected, inasmuch as the size 
of the lesion in these cases precludes the possibility of such minute 
differentiation 

The center for heard speech is almost certainly situated in the left 
hemisphere in right-handed persons, in nearly all cases of sensoiy 
aphasia occuiring as the result of injury to the right temporosphenoidal 
lobe, some anomalous circumstance has been discovered to account for 
the condition It was found by Oppenheim®® in two cases of affection 
of the light temporal convolutions that in one, there was acquired left- 
handedness in a woman aged 59, who had been forced to use her left hand 
for all purposes owing to injury at the age of 17 years, in the other case, 
there were two tubercles in the right temporosphenoidal lobe and aphasia 
IS reported to have appeared only when the patient was already moribund, 
and — according to Oppenheim^s assumption — as the result of toxic action 
on the auditory speech center in the left side of the brain 

On the other hand, sensory aphasia was absent in a ease of tumor of 
the left temporosphenoidal lobe reported by Westphal,®® but here the 
patient was left-handed 

These anomalous cases in no way disprove the overwhelming evidence 
which establishes, as securely as anything can be in medicine, that in 
right-handed persons destruction of the posterior part of the left superior 
temporal gyrus will produce inability to understand heard speech, an 
abolition of all memories for spoken words, that destruction of the le t 
supiamargmal and annectant gyri will cause failure to understand wn - 

35 Oppenheim Quoted by Bruns in Geschwulste des JTervensys terns 

36 Westphal Bruns in Gescbwulste des Nervensystems 
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ten speech or even will abolish the power of recognizing familiar ob3ects, 
and that failure to recollect the name of an ob3ect seen and recognized 
will follow the destruction of the association tracts between these two 
centers ' 

Yariations in bulk, position, and rapidity of growth, in tumors of the 
temporal lobes produce changes in the degree, and to a lessei extent in 
the type, of speech defect found in different cases, but there is one 
characteristic which may be said to be constant a depression of the power 
to recall words, especially the names of persons, places and objects This 
word-forgetfulness may be manifest in two different ways, either as 
inability to recollect a name in the couise of ordinary conversation, or a 
failure to name an object of which there is visual lecognition At fiist 
sight there may appear to be no essential difference between these two 
defects, but it must be pointed out that the former depends on a 
depression of function in the cortical area containing the memories of 
words, while the latter arises from an interruption of the subcortical 
tracts uniting the visual and auditory centers 

Patients suffering from a functional deterioration of the auditory 
word centers do not experience true loss of word memory, the memoiies 
aie for the most part still intact, but their facilitation for the moment 
becomes more difficult and the patient is unable by force of will to bring 
them above the threshold of consciousness, below which they lie latent 
and beyond his conscious grasp 

Abundant proof of this statement will be forthcoming when we 
consider the speech defects of these patients, but to illustrate my meaning 
a conversation with H G (Case 7 ) may here be quoted 

“I went to see Dr Jacob No' not Jacob What’s his name’” 

Heie he looked at the card above his bed on which was printed the name of his 
physician “Taylor ' that’s it ” 

“IIow did you go to his house’” 

“I went by the undergiound tei minus No' what do you call the 

thing’” 

“Twopenny Tube’” 

“No ' that’s not the name ” 

“London Central Eailway’” 

“Yes ' that’s it ” 

‘Where did you get out’” 

“Ovfoid Toi minus No' ” 

“Oxford Circus’” 

“Yes' that’s the name” 

“Where did you go then’” 

“You take two stations ” 

“Stations’” , 

No' turnings that’s it to Weglej Street 

Welbeck Street ” 

Fioni tins it is eiideiit tlieie \\as iieithei i\oid-blmdness nor >or<l- 
deafness, further, Moid-inenioiies were not impaired, but merei’ .,1.)- 
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iiieiged, and capable of being bi ought up to consciousness by a great 
volitional effoit, oi, more usually, by the aid of an additional cognate 
auditory or visual stimulus 

As has been shown the difficulty in speech in these cases consists 
almost entiiely of a failuie to lecall proper names and nouns, for which 
defect Eussmaul" offeis the following evplanation 

Xhe more concrete the idea, the more readily is the word to designate it for- 
gotten when tlie memory fails Probably the only reason for this is that the con- 
ceptions of persons and things are more loosely connected with their names than 
aie the absti actions of then circumstances, relations, and properties We easily 
represent persons and things to ourselves without names, the image of sense 
IS here more important than the symbol — i e, the name, which conduces but 
little to our comprehension of personages or objects 

ilore abstract conceptions, on tbe contrary, aie attained only with the aid 
of words, which alone give them their exact shape Hence verbs, adjectives, 
pronouns, and still moie, adverbs, prepositions and conjunctions, possess a much 
more intimate relation to thought than nouns We can conceive that the pro 
cesses of excitation, and the combinations in the cellular network of the cerebral 
cortex must be much more numerous foi the creation of an abstract than of a 
concrete conception, and that the organic tiaets which connect the formei with 
its name must be coi respondingly much more nuraeious than those of the 
concrete 

This inability to lecollect names lesults in a mode of expiession which 
which may be teimed elliptical oi figurative The various attiibutes and 
associations of the object, the name of which cannot be leealled, are well 
remenibeied and piopeily desciibed Patient 7, ivhen asked what he had 
foi breakfast said 

“Oh’ some I can’t think of tlie woid for it I know what 

it IS You have sugar with it I know that ” 

“Poiiidge’” 

“Yes' that’s the ivord Ihen some chocolate Ho' not chocolate 

I can’t think of the name ” 

“Coffee’” 

“That’s it Then bread and buttei ” 

Anothei (Case 8), when shown a soveieign desciibed it as 

“Good to have gold coin money” 

“Is it a sovereign’” 

“Yes ' that s what it is ” 

A letter she described as “a bit of papei,” yet an envelope was called 
^^something to put a letter in ” 

Patients 5 and 9 substituted similai desciiptive jihiases for tbe 
of famihar objects, a note-book being called “something to wiite in an 

a fountain-pen “one of those patent pens ” ^ i 

Patients whose faculty of woid recollection is still fuither degia e 
have remarkable difficulty m preventing the inapposite lecurrence ot a 
void the facilitation of which has already been accomplished, leir 
mistakes are perceived by them as soon as thev are uttered consiceia e 
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distiess IS pioduced — ^biit a minute latei the identical eiroi again is 
made 

A bunch of keys was shown in Case 6 

“I know those made of wood No' of non” 

“What aie they for’” 

“To lock the door with I can’t think of the word ” 

Shown a pocket knife — “a shovel put in a pocket”, when given the opened 
knife he shut it and said “knife” at once 

Shown a pencil “shovel,” but when it was given to him he used it coiiectly 
Shown a watch he named it pioperly but on being then shown a match he 
said “watch chain,” yet when it was given to him he made the movements of 
striking a light 

When shown a handkerchief he said “watch no' handkerchief”, 

but a penny being then produced he said “handkei chief handkei chief 

handkerchief No' penny'” 

Yerbal perseveration in spontaneous speech is the lesult of decieased 
excitability of the auditory word center and occurs physiologicall;y in 
fatigue^® and old age But the preponderating factor in the causation 
of perseveration of inapt expressions, in spite of visual stimuli, received 
and comprehended, must be a loss of function in the occipitotemporal 
association fibers 

So far were these patients from being word-deaf that often the audi- 
tory path was the only avenue by which lecollection of woids could be 
stimulated, and it must be emphasized here that not one of the five 
patients — 5, 6, 7, 8, 9 — in whom the growth occurred in the left hemi- 
sphere producing difficulty in the recollection of words, had the slightest 
degree of word-deafness Spoken commands were accurately performed, 
their verbal mistakes were immediately recognized as such on being 
uttered and heard, and their power of discrimination of the lalue of 
words was exhibited by the fact that an inaccuiate prompting was 
invariably i ejected 

Reading aloud and copying weie both well and intelligent!} earned 
out, writing to dictation was less well performed As an example of 
spontaneous writing in which as in other cases, word forgetfulness and 
perseveration are manifest, may be appended a lettei written by Patient 
7 to a fiiend who ivas ill 




<^—7 fy- 1 
a: ^ ^ J° 






/ ^ 


Fjg 1— Letter written b\ Pitient 7, showing loss of word recoHcstiua <1 
perse\eratvou of error 

as Mjers Te\t-Book oi Evpenmcntal Ps\cliolog\, l'J09, p 
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Befoie leaving the subject ol the type of aphasia found in these 
patients it may be stated that in no case was theie any defect in articula- 
tion, and that the foui patients in whom the growth was m the right 
hemispheie, failed to show any disability in speech whatsoevei In all 
these cases the patients weie right-handed 

Special Seiises 

Taste and Smell Notwithstanding the evidence of nutation of the 
olfactory and gustatory centers, which was obtained in so many of these 
patients, in no case was there absolute loss of the sense of smell or taste, 
in only one (Case 2) was theie relative loss, and it was uniformly 
bilateral 

Hearing Cases have been desciibed from time to time of complete 
unilateral deafness, resultmg from destruction of the opposite auditory 
center, but this effect has not been experimentally obtained Moreover, 
Goweis^® IS opposed to the possibility of such a condition being other than 
transient, and the same contention is maintained by Bruns, who states 
that acute lesions of one oi other auditory centers aie accompanied by a 
merely temporary deafness m the opposite ear Further, on anatomic 
grounds, owing to the incomplete decussation of the cochleai fibers of the 
auditory nerves,'*^ each auditory center is probably connected with both 
labyrinths Munk affirms the eontiaiy, but Lewandowsky*- has expeii- 
mentally proved that dogs retain perfect hearing after the removal of 
the labyrinth and auditory center of the same side 

Beevoi- quotes thiee cases, one of complete, and two of partial deaf- 
ness in the ear away from the tumoi, but he does not state the condition 
of the peripheral auditory apparatus 

Two of my nine patients heard imperfectly on the side contialateral 
to the tumor, another (Case 6), whose tumoi was on the left side, was 
unable either by air oi bone conduction to heai in the right eai , this 
condition was of old standing, and was attiibuted by the patient a 
gunner — to a big-gun piactice, after which he had suffered from consid- 
erable light-sided earache without deafness, it was not until a few 
months later that he noticed that his hearing was defective 
In these three cases the tympanic membranes were normal 
In my other cases hearing was unaffected and we must conclude that 
in temporal tumors, auditory compensation by the opposite center usually 
occurs pan passu with the tumor growth 

Visual acuity wms affected to the extent stated in each case (see 
appendix) merely by the changes associated with papdledema The 

39 Gowers, Sir William Diseases of the Nervous System, ii, 2S4 

40 Geschwulste des Nervensystems 

41 Schafei and Sjmington Quain’s Anatomy, in, part 1, p 144 

42 Lewaiidowsky Die funktionen des 7entralen Nei \ ensystems, Berlin iJUi 
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1 — \(jini"ioii noiii. iV-IJ, It*ti o/l‘_’ Di Jur^t rjjrht, (>/'), left Om 

t '■'i - — \uini"ion ri^ht u/du Kft. o {ii Di-chiree, n”ht G/12, lett 
i> 12 wnh liiih uil ir \i joij 

t S', > — \clnjj->ion n^lit o2J Kil, ij/1‘2 Dotli.ir^t , rij^ht (•/') leit U/G 

In kio' “j. '■ .>nd .I'tnl aunts ni nerialh iinpiosed afiei opeiation 
oiu no dviaikd oanninnon w niadi hefore dm liaise 

('riiiua^ -V< ; i ( s 

'1 ' o di't and 'UDiid ti.ninl nusi-' 1 m\i .duads hcen eon-'Uloied 
Ijm tnounnu oi ii o tlniil iKni> to the tcinpoia! lobe-' would seem 
i<i Hi’dcr ilitin <-'i‘ui.d!s liible to d 'innti bs pu-'inc fioni tinnois in 
tbe-e aroi'. ind Knii)])’‘ lis-i ioii'idorablo -lit*'-- on lioniohitual oi, Ic'-. 
fiipueiuK iU'-"id juniai tiunl neisi ]iaials-'i-', a- a di.it.niOstiL si<rn ot 
minors oi the teninoiu'phenoid il lobi- In none of llie.'e ta.'tN wa& this 
iC'iilt ob'ined. nui wa it int'oiit in the otbei cast" of leinpoial tiiinoi 
uliuli In.o toirn. undei ni\ ob-enation 

Wlun a teinjioril lobe i? the '•tat of 'ib'tC" it is. liouevei, not \eis 
uiKoininon to jind iji-olaieial ptosi-, nisdinisi-, and external strabismus 
— a -takniuii wliieh atriec' with Jiruiis’ exjieiieme, and ha-j been emplia- 
-i/ed b\ lli'ien llii-sfll in the Lcttsoinian Iciiuie loi the pie-eut seal 
'liiKt paticni-5 liul a liktoiy ot tiaikient diplopia, piobabh clue to 
iun])Oi.u\ niciea-e of jjn‘">uio on the thud oi sixth nenes, in two, the 
ip'Olateral pupil wjh nuotu though atine to light and on conveigcnce, 
wlule m the -anie jiatuius theie wa-^ nsslaginoid 3 eilving ot the osehalls 
on conjug.ite desiation to one oi othei side — piohahlv a piessme-eltect on 
the cerehelluin 

The lifth noise was m all cases unallectcd 

Sevenlh Neive 

Petiplieial allection of this neivc svas in all eases absent, but in no 
k'ss than live out oi the nine patients tlieie svas iiiailced supianueleai 
weakness of the face contialateial to the tumoi out of all pioportion to 
the degiee of paiesis of tlic limbs of the same side 

Tins sti iking fact is, lios\''es'ei, only coiioborative of Hoisley’s state- 
nient^* in 1895, that in those tempoial tiimois the piessuie of svhich is 
dnected upsvaid tlieie is definite sequence in the piogiess of the paialysis, 
it being moie niaiked fiist in the face, then in the uppei, and last of all 

33 Knapp Quoted by Biuns in Geseliwulste des Neivensysteins 
44 Iloislej’', Sii Victoi Clin Joui , Loud , v, 249 
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ui the lower extremity In four of these five cases^ however, in ivhich the 
face was markedly affected, another point was noticed, that, contrary to 
what is usually seen in facial paiesis of supranuclear type, the emotional 
expression was either lost or gieatly diminished on the affected side 
There can he no doubt that this condition was the result of pressure 
acting on the optic thalamus, which HothnageP® and Bechteiew^® showed 
yeais ago to be an impoitant reflex center for emotional expres 

Sion 

The phenomenon was best shown in lefiex action, as when the patients 
weie made to laugh by being tickled, when this was done to the eighth 
patient, in whom the condition was most noticeable, the left side of the 
face wrinkled in laugh tei, while the right side remained motionless and 
smooth for some five seconds, after which the right angle of the mouth 
was elevated, but to a much less degree than that of the opposite side 
Acuity of healing has already been referred to 
The remaming cranial nerves were unaffected 

Motoi Symptoms Apart Fiom Those Due to Affections of the Gianial 
Nerves j Deep and Supeificial Reflexes 

Patient 1 said she felt that hei left arm and leg weie weaker than 
their fellows, but examination failed to show any diffeience in strength 
between the two sides Her gait was noimal The deep reflexes weie 
everywhere brisk and respectively equal on the right and left side Both 
the plantar responses were of the flexor type, but the left abdominal 
reflexes were maikedl}'- depressed, and on lepeated stimulation tiled 
much more quickly than the right 

Eosenbach was the fiist to point out in cases of hemiplegia the absence 
of the abdominal and epigastric reflexes on the side of the affected limbs 
and now they must be regaided as the most sensitive indication of com- 
mencing pressure on the pyramidal tracts 

Grainger Stewart'*® has pointed out their significance in cases of 
frontal tumor, in which there is backward pressure on the precentral 
cortex, and their importance in this series is apparent, as in five eases 
their inequality was a material aid to diagnosis 

The second patient was without motor symptoms, when she came 
first under observation, but in the course of the following six weeks 
her left leg gradually became weak, though it was not possible to detect 
any loss of strength in the left upper extremity 

This evidence of slowly cumulative pressure on the per iphei ally 
placed leg fibers of the internal capsule corroborated that given by the 
condition of the reflexes of the left side, the superficial being depressed 


45 Soury, Jules Le systeme nerveux central, 1343 1344 

46 Stewart, T G Lancet, London, 1906, p 1209 
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ard the <* a<'at.r,UuK the h’li plantiu Uapon'O loniuincd of 

li iloftr t,]H* 1 Mi-nt 5<*r .1 'ijiirt tun** afici tlie patients oiih inajoi 
• aitac! 

Ir the llnrd t .-i iiu* thjut -Jtin (u* l)'» !t ft .ihdoiniiinl aiul epigitstiic 
ifi’f'i- ii !•* 1* c -i)!* H’dii (if oj] thf pMuniida] fibeia 

tlii'jv ’aa- j:<j Ic" <*2 jm-.t! in .in, and the ”'ui ua-- noiiiial Xeitliei 

pa.idli’’ nor Atlidh^ t''nd><j' ntUx*- aiie cvei oluaincd. and ihia fact 
i<)a(.tii('r will*, til) jirt-'iut dt (joiilih* ix,' t i\U'. ciUt iiao to the -Ubpicion 
t^’.'t 1 ' rndrcJUi - di-ca-e ii-idlii be a ( onipliLatniu'' failoi theic ^\ab no 
airtJM'r ihnii si i • .d -iiiipojl thi" h . tiotlu -i-, and no degeneiation 

« S' hi» r Khij'i] !') till* 1 1 'll n<ii Id lidial lolmniis of tlie ''pinal coid 

htr .lain in tin txi-tendi tuiuinn <»l tin* •'jnnal coid luia been 
to fccMi ailh toii-idi riblt fKipuiux in sa-t' ol intiacianial 
uini'ir, <' 1 r* 'Ul. of iriction on the pf-ltnoi loot^ b} aiachnoid diston- 
ii'iii pisidund ill nil ri I'l d nil» s( ranial joi'-ine** 

’1 ]ii_ jia-uiit (ir ali-fiu* ni the dt.t.ji n tlexc- been u-suall} diiectl) 
<kj;cndeni on the dii^ree of tliH jiO'iLnoi ■'jnn.d ch.ingc. but ab‘*ence of 
tile laiee-jerb- m ta-C' of intraeiania! tumor Im- been ob'-ened, Mhen no 
detnoii'tr ibie tlnnce ii ol otdund in the coid,*'’ jiiii iiculai h in tlio^e 
sa'i' in ubuli the mo\»ih wa^ ■'iiuaiid in the leinpoio'jihenoidal lobcs 
I'.uient 1 iiad no lo-- oi pouti in the hmb-, noi Meie his nio\enicnts 
ata\ic while lie uniaimd in bed houcvei lii> altenijn to -tand upiight 
\ei\ badh ]/cr)ornied . lu "W i\ed diieeth backuaid, and in ti 3 ing 
to maintain hi- balance look "-eieial (juiek biep> backwaid on liib heels, 
.iiul would teitainh ha\e falien had he not been buppoited lie said 
he had no di//iiu-- but that he “ju-'t could not stand up stiaight” 
Tiiubation oi this kind ha*- been debCiihed befoie as occuiiing m 
<a'C= of icmjioiosphenoidal tunioi, and Sii Victoi Iloisley*” is inclined 
to legaid it a- due to inteifeienee wiih Tuick's bundle, wdiich unites 
the pons and the pobteiioi pait of the tempoiosphenoidal lobe, wheie 
I^Iill- assumes the CMstence ol a ccntei loi oiientation 

All identical phenomenon was obsened in tliiee moie ol ni} senes 
(Xo- .j, () and 0). wheie it appealed, howecei, soniewdiat late in the 
coui-e ol the di‘-ea*:e, when intiacianial tension had beeome e\tieme, 
and ceiebellai compie«sion against tlie edge ol the foiamen magnum 
could no longei be excluded 

dhe condition of the lellexes in ni) louitli case was mteiestmg the 
lelt knee-jeik and both ankle leiks wcie absent, the light knee-jeik evas 
much depiessed, the abdominal and epigastiie lefle.xes weie not obtained 
on eithei side, ivliile the deep leflexes in the nppei extiemities were 
ecpially busk The suspicion of tabes doi sails being coexistent with cerc- 

47 Batten and Colhei Biain, 1899, x\ii, 471 et seq 
18 Mackenzie, Sii Stephen Brain, 1884, vi, 22 
40 Iloisley, Su Victoi li Olol Soc , London, 1905, vj, 77 



340 


TEE IRGEIVES OF WTEmAL MEDICINE 


bial tumor was negatived during life by a cytological examination of the 
cerebrospinal fluid, and no degeneration was latei found in any part of 
the spinal cord 

On admission to the hospital, my fifth case was entirely ivithout 
motor symptoms, but the advent of right-sided weakness was heralded 
by a marked depression of the abdominal reflexes on the same side, it 
IS to be noticed that by these alone the diagnosis as to the side of the 
tumor in the intracranial cavity could have been made two months before 
any weakness was found in the aim oi leg of the same side 

Case 5 had no definite wealmess in any of the limbs, the abdominal 
reflexes could not be obtained, probably because of the obesity of the 
patient, the plantar responses were both of the flexoi type, but theie 
was undoubted exaggeration of the deep reflexes of the right arm and 
leg 

In Case 7 the right arm was definitely weaker than its fellow, and 
the abdominal reflexes on the same side could only rarely be obtained, 
though those on the light weie invaiiably busk There was change 
neither in quality nor degree in the plantar and deep reflexes 

In neither of the two lemammg cases was there any afiection of 
the limbs, nor were the reflexes altered in character 

The abdominal reflexes were not obtained in Case 8 until after oper- 
ation and the relief of pressure the}' were then found to be brisk and 
equal on the two sides 

The sole patient of this series who at any time had objective seiisoi} 
change was V F (No 1), who after the removal of the growth had 
slightly diminished acuity in appreciation of touch and pain on the left 
side of the body 

Appreciation of cutaneous pain and touch on the left hand was vei} 
slightly less than on the rest of the left side, but on the left hand touch 
sensation was very badly localized, piessure-pain was almost absent, and 
there was complete loss of the sense of position and of passive move- 
ment in the left wiist-joint and the finger-joints of the left hand 

As a result of this condition she was completely astereognostic in 
this hand, from which she fiequently let objects fall, if she failed to 
keep her eyes fixed on what she earned In March, 1910, she was in 
excellent general health and the sensoiy condition of her left hand was 
her sole complaint 

T G Steward*® has stated that loss of sphincter control is a frequent 
occuiience in eases of temporosphenoidal tumor, but such a condition 
was never present in any of these patients as long as consciousness was 
1 etained 

I do not purpose to detail the various consider ations which led to 
coriect diagnoses in all these cases, on all-iraportant points emphasis 
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JH 

hi- alu.iih Incn !.U'l Imi in -uiniii.u i/i- lium hen* iii.u bt* coinenieiU 
ik.u].uht‘ uf \.u.inir -ivtiui .uul i m (‘uiu ul-ion- aic ii-iualK 

katiui- <•! tlu 1 ) 1 , 1 ,'innMii: of tin di-ia-o lit- mu bi* \en -liirht at in-t, 
coii-i-tnuf imuh ui bi-- ot t on-i lon-m -- .i moment. in tonieiu ami 
cNano'i-, Itut 1 (. lu fill 1 10 -— . \aminalion will otlm ihcil eiuleiieo ol 
lire Ut r lihition of on. <ii otiur In mi-piiLie 'I'be pie-ciKc* ui imijoi 
ittub- of till- (li -1 1 ijttnm m.u o\< i -li.nlow in tlie muni oi iliu jiaiient 
ilu oct 111 u'lu ( <»f !( -- ]ii oiioiiiu ( t] -iM/iii(- 111 whnli ( uii-c loii-iu'-- i- 
ut unetl limb 1 .lUtud loinlition- i imliiK (hue ini ex.immatnm will 
-jii'dil. (ii'(o\<i -mil if jm-tiij mu Ui (aiiiiot expei i all p.itieni- 
-jiunt uii mj-l , t,i (It-inbt .ipjiuiiiih neiiliiubli* ]>ln iioiiiena it uo oui- 
till to bi ili.e to tlnu \u.il iiiipoit.uii e V lii-ioi \ ol eimie -uli- 
jiitut -(.ii-itioii- ol la-ie uni -m.ii! oiiiiiiuio tillni .ilone oi .i- ilie 
jtliilU'Ol ol I pill Jillloi 111 I oIU ul-loll- 1- ol (OUl'l* of till* lll-t lllljlOl- 
l Ulu 111 till buali/.uioii ol ili'ia-e in oin oi tin othci tompoio-jilieiioiiial 
lobe nor ibii " It .ip]i! u tint ue mill (\piit .uu i oi u ''jiomluiLf lo-- in 
.KtUt\ UI till ;.'ll'lilol\ ol oltai Ion -ell-L- 

I’ i]»i!U liem 1 1- 11-11 ill\ pU'iiit. n-na!l\ inteii-e, am] ii-ii.illi nioie 
-tviie on till* -nle of the tnmol 

'1 he ]iii-en(e of no—nl f.n la! jiil-\ pai tii iilai h il it bo ol ajlettuo 
(bu.ntei 1 - e-]Ki 1 lih \.i!u.ible 11 tin otliei -mm- ol liemiploLU.i be doubt- 
liil I’.uiuiilu -til'— niii-t be laid on the (ondiiioii of the .'bdoniui.il 
.uni ejnii.i-iiu iilltM- tln-e. uitli p.ipilledeni.i ol i,Me.iiei ip-olatoial 
'Jc\eiit\ .uid -ub|i(ii\e .uidiion -en-.ilion- ol -omeuliat eipiuoc.il iiatiue 
ueic the -ole jio-iii\e -mui- in nu iliiid (.i-e one ol nofr.itue iliaiactoi 
u.i- the ( oniplete .ib-ciue of .iiu defei t in ‘-jieeib 

\\ oid-ioi^o tfiilne-- li.i- iiu.ui.ibly been pie-ent in .ill iiiv loit-'^ided 
la-e-, iboiioh often to .i \en -lurlit deitiee, e\en uhoio it is not o\idcnt, 
it c.ui be deinoiuli.ited it the exanun.ition be piopeih caiiiod out ancl 
lest-5 ‘'lioiibl be ni.unh diiocted to the di-io\on ol the ability of the 
patient to name known ob|e(l- 

\\ oid-foi <retlulne -'5 u.m the only sign ot locali/ing \aluo in Case 9, 
and on il .done a coiictth pl.uined opeiatiun was peiioimed 

The didiculty in ihe di.ignosis ot tempoiosphenoidal tuinois, and in 
the localization oi them in the light oi leit side oi the biam aiises not 
liom the absence of indicating signs, but lathei because signs, though 
piesent, aie oiten not sinking, aie not looked toi, and consequently aie 
not seen 

BympLoin-Complox of Tuinoi m the Right Tempoiosphenoidal Lohe, in 

a Right-Handed Pei son 

Epileptifoim coiuulsions, ol vaiying seventy and fiequency, dieamy 
states 01 analogous pathological ps3'chical conditions, ciude subjective 
sensations of smell oi taste Avitli oi ivithout involuntar}'^ leflex nioi'^e- 
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ments of mastication Subsecjuent to iiiajoi attacks in most cases, 
tiansiont weakness of the left lowei facial mnscles, nsiially most evi- 
dent on emotional expiession, less otteii the left aim and leg tempoiaiily 
paiesed, left abdominal leflexes diminished oi absent, deep, ineieased, 
the left plantai iefle\ may be of extensoi, and the light of flexoi type 
Bilateial papilledema, iisiially of gieatci intensity on the light side 
Reflex change and iiiotoi symiitoms on the left side, at fiist nieiely post- 
epileptic, but latei become peisistent phenomena 

No woid-f 01 getf Illness aftei iiiajoi attacks noi at othei times No 
speech defect whatsoevei 


Symptoia-Com ple% of Tumoi m the Left L'empoi osphenoidal Lohe, in a 

Right-Handed Peison 

Difficulty in naming objects seen and lecognized, latei, woid-foiget- 
fulness in conveisation , latei, inapposite woids and phiases, with instant 
lecognition of mistake when made, but inability to pieient peiseveiation 
of veibal eiiois 

Reading aloud and luiting to dictation aie well peifoinied Spon- 
taneous wilting, pool 

Epileptiloim convulsions of vaiying seventy and fiequency, dieamy 
states or analogous pathological psychical conditions, crude subjective 
sensations of smell oi taste, with oi without involuntaiy leflex move- 
ments 01 mastication Subsequent to majoi attacks in most cases, 
tiansient weakness of the light lowei facial muscles, usually moit evi- 
dent on emotional expiession — less often, the light aim and leg tem- 
poiaiily paiesed, light abdominal leflexes diminished oi absent — deep, 
increased, the right plantai leflex may be of extensoi and the lett of 
flexoi type 

Bilateial papilledema usually of gieatei intensity on the left side 
Reflex change and motoi o3unptoms on the light side at fust aie nieiely 
postepileptic, but latei become peisistent phenomena 


APPEXmiX ABSTEACT OF OASES 

Case 1 — Histoiy — V F, female, aged 39, was admitted on June 15, 1908 
Fiom the age of 14 she had had, at inteivals of thiee to siv months, epileptic 
fits of oidinaiy chaiactei, but without aui,e In May, 1907, she, while diessing, 
suddenly heaid a bell iinging, then saw a “stiange bad aonian” clad in i igs, 
and smelt a most evil odoi, which oiiginated, she thought, in the stiangei s 
clothes, pitient then complained of a feeling of dreid, associated with nausea, 
pain m the pieeoidia and epigastiium, and tingling tiuoughout the innei aspect 
of the left uppei iimb For some seconds she seemed dazed and fiightened, then 
screamed, suddenly became unconscious, and passed thioiigh all the stages of a 
seveie epileptic attick nhicli in no way differed fiom hei pievious fits A slioit 


aO Ihe niesence of heniianopia oi henuchiomatop^ia would of couise indicate 
the side of the lesion, tide else lepoited bj authoi at the Xew Yoik ^euiologici 


Society, Much, 1911 
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jn ninl 111 ill ii.s -nil iinii.i i!) ili'iv iiinii\\*i] uji] tlan ulijJi >il iii/(<], tln' jiitniit 
\\ V' \ti\ xiiluliii* liut 'Uli-i <nu III !\ ■'in hill iin n i util 1 1 ion ot Iii\nio ^pukoii 
lilt \\ till \Il\ lMi| Hill IlllU l*l(IS llnl t\Sliol lillii li'i*' '■ONIll IjllliJltlL 

lit' I nil 111 v\ iiii h u I- pn 1 1 lid! !i\ n iii'i i \oiintiii^ mil inti n-c In .nl u lit’ ni.uiili 
o\ir tin, ri^hi oiiijiiit In i u h oi tin -n itink' tin* iinlitiii\ \i-iial oIiuloiN 
uni piri'tintii uir I jiKt ili -i ril i il ui u iciuiittls ripnnluini \t no tunc 
n !■' t’aii tin uurii lor^i Iinlin ->■' m ■■pm}i iltint 

f nu-iin.i/,., I --\ I'lon lii^'iit 1 . it iiu ti-'li in iiU om i ntin ilh liiinin 
I'iini I'jniiiilc n^lit mil n-i p ijullt lii in i witJi in nmi i n ■< on ijotli ■'iiit ^ 
riilit - si) iiii ‘1- 111) I >l) li\ pt i nil iropi I in i u ii i%i> iiii pupil ■'liolitli 
iir^ti til ui ii^lit lull lie 'I i^inoni jiikin^ mi liliiil nioeiiiiint e-'|Muiii\ to 
iitt no ihiilojii I pto'i, 11,11 -ti ilii'iiin-' o, nlii nioeiiiiint' oooii \\i ikiu*--' ot 
lilt iiiwii In 111 niii-i li ' i~|iiinll> i \ iili nt in iiiiotimi.il ispii-'iDn ill oiliei 
iriniilniiei'iioinitl Vlotor '■'iilipitie, uiikni--oi Kit np]iii(\ti,niil\ mile 
1.0 -tn-oie ihni^i-' ikiioniin il uni ipiji'tin n ik \.i - u,n (|,pi,«-,,i Imt nion 
niirkiiih -o on l,ii -nii tin ili i p ri lit \i •• u< i, not ippii.iihU iiFutiil 

(tjif I ii r ll/ll — \ .viilikiiinil ik I pl\ 'ititUiii ■'till t III 1 n 1 i iiinioi .itioiii tin •'i/i 

oi 1 t ui^i run or ui^i \\ i- iinio\iiI ironi tin* uitiiioi put ot tin iio|it tun 
5 nro-spln I nj,l (1 In) , 

/’'/stiijiiintiii — 1 mu )<mu ' itti i op, itlion tin pitnnt •'iiil'k iil\ 

' ml •'.n \\ 1' ^oin^ to lu\i i nt -ii iNpuniniii tin -inn iiir i i-' In imn ilti i 
iin li In r lilt lou uni lit \i ti littli lui^i r uni tliiunli iMiinkil mini luincit 
llixtil uni 1 -till' ot - 1 ,,,\ iltunitui^ tliMmi uni i \li idimi iinauiuit-' ol tla- 
wii't i.i^iii uni tontunutl im tui niinuti , oii'i nni'in u.i-« rnt iiiu'il lluoiioii 
mit tin Xn^ii't 11 pitnni u i-. <li-utii^til in ^uoii ounril In iltii Muit.il 

'■lilt \\ i' noiniil tin n u i- n<i -pt i < !i i|i n , t lit -.u, llui/ oi tin ili'.k-' \\ i*. 
ripnlU 'iili'nlin^' liui, w u 'li^Iu u« ikin-t oi the kit louu inn uni kit 
inn loinpliti uti n 0^110,1- m tin kit h uni witli 'onn iliniiniilion ot t.utik 
•■ui'iiiihle ol tin kit -nit' tii tin ktnh In \Iiuk I'Utl tin mile p itliokioic il 
-j^'ii to kt. loiiml u It I lo-- ol n-i ol po-iiion iml oi pi— m nioeumnt in 

tin lilt wri-l uni (ui;.t r joiiil- 

7 tu/oo — Wti^ki lilt ^111 ‘•lioiii itoii- Imt -ii.uple dt ni.ut .iti’il noni -lu 
joiunlin^' krun ti— m , tiinioi nil- loinml |i ili-.nk* .111 in;4i inuit .uoiiinl \i— il- 
in in\ til esliuli loiit. until oioini/itl ikit niiiktil lilnmi- (k;'i in latiuii uul 
tlinkiiiuio ot %t--il w lil- 

( esr i — //isloii/ — I \l itniik i^itii ii ailinittul Iul\ 21 I'ttiT tioin 1003 
kill liun -nlijict lo i -inklui iin\pln.ilik Utliii^ <il piotoiiinl trai uliali l.i-ti'd 
lor out to tkn (• iiunnli - uni kll In i \m ik uni liuiildiiio limn I inn in, 1007 , 

-In (oiild ili-lin^ni-li two tejn- ol -1 i/iiu 

1 \l.ijm l-nill\ oiitf c\ii\ die tkc iiiluiil lilt <nc*i powoitd be diowsi 

in--, ‘ 1- il on tliL* eu”i ol -Ucp” and ‘ lenetliino -mncil mnote, nnnatiual .uid 
unu.il’', -lie could alwie- iccolltct lini c\jic'ncnt<- ot tke-c altack-, wdiicli 
eeiit a— ouilid n-n ille eeitli i ton-nou-le -iibjecliee uid ojoiuidles- soiisition 
of tnioi, and nnnatiu il i)n//iiio eeliiiiiiiff -oninis 111 liei lieul Ifei cluldien 

notatd 111 it -lie* aleeie- “twi-tid lioi niontii about ainl made -ticking, ckainping 

inoecmuil-” just jneeiou- to .111 .ittuk 

2 ,Muioi 'i lu'-c wne -liglit .itt.ick- ot incon-tant tli u ictci, but aleeajs con 
ci-ling OI un.icconntable scn-ilton-, e— entialle uiili.iiipj, dc-pniing, 01 uncom 
foit.tbk I'loiu Fi-tu, 1007, tbc patient bid tictpient fiontil head iclit and 
nancta, but i.uely eoinitid, fioin the sune jieiiod hei eision i ipidly deteiioi ited, 
till slie ee.is un iblo lo lead 01 -eee' She nee'ci had diplopia, noi any speech 
defect 

^IxaiiiuKilioii —Intelligence and nicinoie good Smell and taste much 
unpaired on botli sides Viuon Eight G/OO, left G/30, visual fields ^riegulaily 
contiacted, no heniianopia, swelling of light optic disc +3D, of left +5 5JJ, 
eaily ati opine changes in both Paie-is of supiamicleai tjpe of left facial 
muscles Jeo defect in otliei cianial neives Alotoi system iioinial ^o objec- 
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ti\e senboiy changes, fiequently numbness and tingling in left face, pieeeded 
attacks No spliinctei tiouble Left abdominal lefleves diminished and leadily 
fatigued, tendency to left ankle clonus, left plantai i espouse less definitely 
fle\oi than light 

Goiuse of Disease August, 1907 Subjective sensations of smell fiist 
appealed each subjective odoi peisisted foi about ten minutes, lecuried seveial 
times daily, was neithei pleasant nor unpleasant, and seemed always unieal and 
to aiise e\teinal to, and to the light of, the patient 

Septembei 7 Vision light 3/18, left 3/12, gieatei paiesis of left lower 
face Deep leflexes on left busker than on light Left abdominal lefieves 
greatly diminished No othei changes in foimer state 

Octobei 16 Unconsciousness and geneial convulsions with a doubtful origin 
in the left face Five minutes aftei recovery left facial weakness very 
maiked, left abdominal leflexes absent, light piesent Left jilantai response, 
extensoi , light, flexor 

Octobei 29 Right tempoial lobe exposed, and was found to be the seat of 
a haid, diffuse iiiemovable giowth 



Fio' 2 — Tumoi lemoved fiom Patient 3 Fndothelioma w'eighing 92 gm 

O 


Febiuaiy, 1908 Geneial health excellent No headache noi vomiting Attacks 
decieased in fiequency and severity Maiked subsidence of swelling of optic 
disks No subjective sensations of smell, no speech defect 


Case 3 — Eistoiy — T B, male, aged 21, admitted Aug 13, 1909 He, his 
mateinal giandfather, mother, and bi othei, had all double pes cavus Fiom 
August, 1908, he had had thiee monthly attacks of seveie fiontal headache, 
nairsea and aomiting, wdiich lasted neaily twenty foui houis eveiy thiee months 
4bout June, 1909, slight dimness of vision developed, and foui weeks liter he 
was almost blind in the left eye In July, 1909, a peisistent “singing oi huning 
of inci easing seventy arose in the light eai , and just befoie admission the heul 

ache and vomiting leciii red t. if fi/ia 

Examination— Smell, Taste and Heaiing Aoiiiial Vision Right, b/l-, 
left onlv Imht peicened Fundi Intense papilledema, CD of spelling m each 
S with maeulai stnation No othei cianial nenes aflected No niotoi nor 
sensoiv defect No tiemor oi ataxia, knee and ankle jiiks ibscnt with depie. 


I i»s.n /,* /w \ \ / in 


ii') 


'!« II Ct .iitji 111!, \.- Ill ujij'i 1 iMnijiUii- 1*1 till. II u-iiiiii'i 1 lit 111 \U1 Ujii 

Vl>ii,iiiiiii i! till lilt iii,!\ I iuitiil mil I i-il\ iiti^iiid nil unlit liii-ik 

lilt, lil^i In < ttl,i't|i,|l lllii m, n iiKN ,1,1 >1,1 ']l,iil| ililiil ,)I UiihI Hiini'l 

Uihii 

0^.1 Hit), n) - til Xii^UhI jii I lii^n tiiii.Ki ulii, ,1 nuii!\,,l tin inlinii^ jnntion 
“I til, tiiiijiiii li Icii, ii‘ii uiihli li\ uliolh bilii,. lilt S\Kiin li^-tiu, w.ii 

Iill.iiViii Jimii til' Il^ilt t< liljHiiii'.jilii itit)i) il In), I* 

< •■ii-i mii-ii, - iilmiitii inini, ,ii ill K ill, i tin iipci iimii in,] u i, itiiimd till 

I, 11 iiiiiHUi ' 1 , 1 lull- d, lilt \ til ii niiurml si\ liniii-. Ill,] iJiiiiii^ hii mil 

'(IntI-. III. iltil I j>. till. HI til. li W 1-, l|.i i\ld, 111 cnl III, nil) d,J,l(^-|n|| dlllkllllt 
in ‘•J'l llvlll^' Ilnld liil ^1 Unilli " unr luntnl 11,, I ji.ll ll\ -^l-. 

1 II, 1] Mil It, li tun ,11 \w14l1n1_' 'Ii niii ,niii|jns, d ni t Ii,',itli( lin 

mil, in', iiii- i.itliniit iijiKil wtinrl m ui'^, lu, nt \uiiu,ii Hmlui; ,>i jnliniH 

I I, 11, in.'il.'d l"i i 'll, lit liiMiiiii iMiipiiti, ii\ii\ lint naidiii Ili.un ton 

xidulmii', nun li il,a,ui<i liiln tnriii itimi m tiiiini )„ ,1 ill tin,, uin)),,i.il mn 
uihuin’i iiitiiiii ui'jn i liimt, I tin iinin ii'.-iiii' III s\l\ni.., i , lnjij,,) 

I uiij 1 ill un i iinijn 1 "1 d lint nut intiltiitiil 

< K"} i - //t'fni 1 - 1 ! t Ii.,il, .in, d nlllilllid s,|,t <1 |,|(|s, I iniii 

Inn, l'ln^ I,, i i, ..nl,|,.t t,, ir.,|U. nt -mid, ii iltulv- ni ^Miiilni, ” m uliuli 

m flit I'l/i 'i ini did 11, it i,,-, 11,11-1 Wall 1 all .atnk li,‘ i \j„ i leiicod 

i Imirid -111,11 uni , n,-i\ t i-t. lilvi ink iml o. , i-mii i]|\ Ii nl m idiiitioii 

iii\<dnnt ir\ tvwiilini^- iii (In i ulit inn \tlLi Inl\, I'lOS, In liid time 

at Ilk- nt In-- nl < nll-i inll-Ili -- imi l\ll|,i-l- Ulllltillt in\ nlllllt.irt lllO\ LlIU Ilti 
, I r, liNitii'ii III -],|iiiutir iniititd Oni'inii.il Miiiutiiin 1111,1 li,.,|ii, nt ii.ai-t i 
,iuiin^' lnl\ aid \nnn-t imiitil in uiulu In i mu* -l\cii* in ]>ti inla i , ti in 
-It III ,ii|)i(i],i I tiiiiiii^ till \\,,!. I„ fi,r< tdnii--inii 

/ rniiiiinKiuii — Vtltiitmn i„„it intniit talk.itut aid cvtitnl, no -jiiatli 
d, till nan, >1 , n it- jitittith (. r.aii.il iKit,'- nnini.il i\ii])t foi inteiiae 

-\\, lliii/ nt iinlli njiitc lii-k- I lint ituiit iitinil ill 111,11 1 Ininc in tin ielt e^ti 

M irktd tniiini in ii iini- t>at On -t anliiin he tailed liini-tdf -oltdt on liis 

iii-tl- anl uniilil iii\t ttlltii -li ajilit I uku ad iiiid In not b, eii -iijipoi ted 
';t,n-or\ -i, in .ipi, in nth iiniiiiil ' 

1', llc\t - nl tin niiin I t\tiiniit\ hii-k aiitl etjiiil on tlie two sides 
ilinlii kill, jfik pit -tilt, lilt Iain jtik- lint iilitiiiiiLii .Vnkiejiik- not 
nbt an, d 

I’l.iiit.ir letlose- iiidi (iiiite in i li.u let, i >vo -pliinctei tioiibie (.'eiebiosinn il 
tliiid nninitl 


Com lit of iJtitd'ii — S( pi, mil, 1 10 I’atient -iiddtnlv looked d.i/ed .aid tiiglit 
ein,l I ly buk in lieil, inakeil ) 1 , \inn anl e\ten-ioii inoMimnt- at light elboiv 
joint >,0 iiiaiili oi -pie. 1,1 nt in,)\eiiieiit i’.itieiit Mas .i-ked if lie could not 
kt, p la- .mil .it le-t and aisweied di-tiiietlj ‘‘>io, 1 e.ai’t ” Attack l.isted about 
thiec iniiMitcs 

.Septenibei 11 I’.itunt -iiddcnh bec.aiic iiin oiisciniis and giciitly ejanosed 
liie.itliing -tcitoioii- I'kaitai ie(le\e- both of e\ten-oi type 
Ife giidiiillj ‘•aiik .aid died foiii hoiiis 1 itei 

Xcciopsi / — Right tcnipoio-pliciioid.il lobe uas softoi and kagoi tlnn left 
.Section 1 .iloiig iSjIm.iii li-sine IJoth l.itei.il ventncles nuicli distended and 
tilled with bloodstained tluid (oitov of aiiteiioi put of light supeiioi tern 
jioi.il coiuoliitioii u.is ibiioi iiially li.ud with loss of dilleieiitiatioii between giay 
aid while inattei Choiioul ple\iis in lain il ventiicles cont.uiied a few small 


CJ L +1 

Section 2 , 2 cm low'ei 'Juiiioi ni.vs- exposed, ciiculu m outline, about tie 
sue of a tangeiine oi inge It 1 ij .ibout 2 cm fiom the tip of the light tempoio 
sphenoid il lobe .aid icached to within .ibout s.ane distance fiom external aspect 
of lobe It was extein.il and anteiioi to the internal c ipsule 
of a large lecent hemonliage INIucli softening loiind tuinoi Posteiioilj, sott- 
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ening extienie and llic ^^all of tlie uglit lateial ventiiole had given way, the 
posteuoi and descending ]ioins weie occupied by a gelatinous and bloodstained 
mass of debus (Fig 3 ) 

Section 3 tluough the tip of light teinpoiosphenoidal lobe The most exten- 
sive site of the tiimoi, which occupied most of the anteio inteinal pait of tem- 
poiosphenoidal lobe Posteuoi ly the giowth had involved the wall of descend- 
ing hoin of lateial ventiiele Ihe uncus and pes hippocampi veie intact 

Pons iippei quaitei of the Sylvian aqueduct dilated, old and leceiit hemor 
1 hages 

Some clot in Sylvian aqueduct Ko hemoii hages below the siipeificial oiigin 
of the fifth neive 



Fio- 3— Biain fioni Patient 4 Section shonmg light tempoiosphenoid il 
ti emoi 


The spinal coid vas noimal 

On luieioscopic examination the giontli wis seen to be gliomatous 
Case 5 — Histoty — F J B, male, aged 30, admitted July 7, 1908, on IMaj 
10 1905, he suddenly felt dizzy and then foi fifteen minutes vas unconscious 

without convulsions oi lelaxation of sphincteis Subsequently lie uas subject o 
ittacks vhich consisted of a “dazed and qiieei feeling” vithout loss of con 
scioiisness Fiom June, 1908, severe headache oceuried, laiely accoiupaiiied bj 
nuisea and vomiting, usually in the eirlj morning Fiom Jamiaij to June h 
had difficultv in making himself undeistood, ‘he oiteii used the vMOng vvord» , 
lid his nieniorj giadiralh filled Tian.ient d.plopu fiist appeued in June, 
1008 and often lecuiied 
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jnit’tdh viiiihi. pitiiiit Iii.|uciill\ uiial)It to 
li. > . \|.] ni’m.i'tll <iiini u uiil\ (iillt m iHi Utd IiUl i m.I\ 

til’ll,.! .tii’-, n t, .1 ulni'l ciui. t i> it (nm u,.pU,i \ 1.111111* 

n^!i' 1) Ji» ). n t.'lu A. DU i.i MU 1 lutiD'i ji nulli ili iii i ..uellin'^ si;, 

l'*n titiiiui,.!)' i<tni»! ’u ii’iii r!i i^’i ' i-jxiiilK 111 Itut kiu-,' ii\ ^ta;,'inui<l 
”5 <11 < 'iiui„ it ,’<viiti<,ii t<i ii,^!il ililiiiiti- wiilviiiii ()i 1 i^lit 

t'< M r 1 K 1 il Dili < ’) ' 1) ■ 1 , •(', lit ))) (iioti'iiil I \]iri "UMi III! 1(1". ,it ]i,)\\ti III 

hiitli' 1 ut mil].,! t’,11,, ID ii„< 1 j( Ji 111.1 i.lliM-. iim III 1 1 , 1 \n pt 1 uiil liHldiiiiiial 

<’,]•?. .. li . ii i,j\ i\~i,iii imnii i) ,'^iiiltii 11 iliiiK-* 111 \iliaJi the 

! ‘tu ... -.1 111, 'i 1 < il u <1 i nh i.ii<>t,l\ .oiiniiiia uiii" 111 iii\ tiiiH-, 1)1)11 1 \t,(l , 
111 , III, <1.1 \.I( I'at** Il.>.!<>l '1 nipt illii I 1.11,1 ()1 riplil 1 II<i\lIIU lit-, ul .iltoi 

I’ It. j’l M II nil} .\t,n ii.jt It til. 1 i,^tn , joint luitli.i ino. i.itc.l with 

ptJ.'lJ. I) I or 3oI!<,.«.i h. w I > 11 , 11 

\ lu, 4 ' <''ti> „’li"iu i 111 mil\ iiil.xilii il iait r* uliiiio tin. luiiut* in tla 

nil. ill], thij.i . f til. ’111.}.!!. t< tiiji.ii i 1 i.iiu oint loll on tin Kii suit w ii iiinovid 

\\ oi.i tiuli). 1 ii - 111 , -1 .Jill lit U _’i< it!\ iii.i. lull ind W.11 ilill M-n iwi 

111 t n p III. Ill 1 di . h ir^, t So tiionllii 1 it. i 

}] 1 ninoi w.i^jit ii‘, ,_>ni , i.ntii loiiiiit.d i>t oi".iiii/id 

Id', iili.t III. i»i -n]ipl\ (..iitiiii.d III si'iiilii Ip In 1 iiid s<niln\onii vi’nil-. 
,<r\ iiHiilir nia ’• I in tiiih p.iiph.ril ilmini k iiit\ o||oin 1 

I v-ii <) - //t,t<ii / — 1 1 111 il< 1,^) .1 !") w 11 .idinittid 111 Af n l')OS In 

tin winl.i ol I'tdi, I'UiT In 1 ... inn '!.i])l.ii iiid iintihln .iiid w i., coii'LIoiii ot 
i „ridnil !<.ii ol 111. iinu \ 11 . ,v n iiioo.h iiid iiiipuioiii iinJ loi i 1J101 1 time 

w ii troiilili.i 1 ,\ I -.11-. o| l>, in,.' piin.iitiil iiii'.li nliinn in ualhiii;,' mid weik 
in I" sitli ilnni'iin-i oi tin riolii iipin 1 liiiili jtiiidiiilh diselopid -jo lliat 
ililn)n,:li In ...ntimn d to soil, liii nufiiln. n wa-, iiiikii diiiiiniifiLd fii the 
iiininn r ol I'ln? In ott.n Jo<>!,.d di/.d ind lost” tell f.iiiit, .iiid liad wtikiie')i 
iinl tr. nior ot tin ri,:lit irni ind ot lioili Kjii iipmilh the kit Imt iie\ei 
iiiuitln'in In \o\unl). I he w ii iiolmd oiteii to Iiivl dilhmlt\ 111 liiidiin' 

* O 

woi.ii 1,111 .111 iiluiilition wai uiiinipiii.d Diiiino No\enii)ei .mil IXci-mbLM 
in If.iitniiih loiiiiti.l hilt .itt.iuiid he n.sii iiilleitd esen liotn iiaiiiu.i 

1 niiiiuutlion — \ittniioii \.i\ x.iiiahle, ji.itiiiit lecooni/ed ,iiid ippuLiated 
tin 111. of oliji.ti iiiiiilh without hiinoaljh’ to inline tlaiii LoiicttI^\ , tendeiicv 
to i.il.iition ol tin lime \iihil ciioi no wind de.iliieis, on coiiiiiiand, patient 
loiild 1. 1 . . t one ot till nviiil oIijli t-. duphised and could coiiectlj poitoim 
iimplc t iil,i I’ltient loiild not ii.iiin odoii hut could di-.tinonish one volatile 
-.uhiiiini Iioiii .iiiothu .ind alh"cd In lecooni/ed e.uh 'laite iioiiiuil Vision 
ii,.dit 0/S, lilt o/ls, hil.itci il pajiilledeiiia, 1 i^ht -f- ID, left + GD, the swelling 
moil mint in light, no Inmianopiii llight dealness — neithei hone noi an con- 
duction, tsmpanic mimhiams noimal Othei ci.mia) nei\cs nnalleetod 2^0 
leii'OiN loss .No s])hinctci distuihiiice No weakness 01 ataxia in the liinhs, 
hilt pitiiiit stood solely on his heels and when unsiippoited staggcicd stiaight 
h-ickw.ud On extension ot nglit iippei linih coiisc tieinoi appealed in hand, 
light knee and ankle jciks gie.itei th.iii left, both plantais of ilexoi tjpe 

Optmlioii — A liaid, light >ellow deeply suhcoiticil tuinoi about the si/e and 
sh ipc of i golf h.ill was found in the lelt teinpoiosphenoidal legion, its leinoval 
w IS peifoiincd in two stages Weight of giow-th 05 gin A coluinnai celled 
c.iicinoin.i 

Ccsi, 7 — llfyloty — If O, male, igcd 40, admitted July 31, 1908, on May 8, 
suddenly had .1 sensation is of “a vapoi in the mouth, like the smell of smoke of 
coaise toh.icco fiom a foul pipe,” and lost consciousness foi fifteen minutes On 
iccoveiing, he appaientlj undei stood all th.it w'as said to him, but until the 
follow’ing“d.iy he could not speak intelligibly Subsequently foi seveial days 
he hid headache, weakness and numbness in the left aim and leg, and foi thiee 
weeks felt too feeble to w’Oik In June and July siniilai attacks pieceded by 
the sane aiiia and followed by a similai giave difficulty in expiessing his 
thoughts, fieqiiently lecuiied In June his gait became imsteidy, and pins and 
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needles sensation aiose in botli legs Fiom July 12 he had seveie constant head 
ache and maiked failuie of nienioi}' and attention He nevei had sphincter 
ti ouble 

Ea;aminatioH —Attention pooi , meiiioiy foi events good, maiked woid- 
foigetfulness, elliptical speech, tendency to lecuiience of same verbal eirors, 
instant and spontaneous lecognition of mistakes, no woid deafness, aiticulation 
good On admission no swelling of optic disks, some distention of fundal veins, 
ten days latei slight swelling of left disk Supi anuclear type of weakness of 
1 ight lowei facial muscles , weakness of i ight uppei exti emity without spasticity 
Lowei extiemities, no loss of powei , on standing, patient staggeied backwaid 
on heels, the toes being strongly doisiflexed, no sensoiy changes, deep lefleves 
all busk and equal, light abdominal, diminished and easily fatigued, left, active 



Fig 4— Biain of Patient 9 Left tempoiosphenoidal tumoi Hoiizontal 
section tliiough basal ganglia 

and peisistent Plantais both flexor August 2S, occasion il light, extensoi, left 
always flexoi 

Opeiation — This displajed a laige diffuse and inemovable giowtb, appaien y 
of malignant mtuie, deeply situated in the posteiioi and uppei paits of the lett 
tempoiosphenoidal lobe 

Opeiation nell sustained 

Case S — Eistonj — R F, female, aged 35, admitted Nov 10, 1909, fioni 190/ 
had fiequent general epileptic fits, often associated vith seiere headiche mi 
romitino- Almost all ntticks weie prefaced by a subjectne sensition of sine^^ 
and taste “like rotten fish,” and less often by “a sound like some one 
and vere iisiiilly followed bj marked difficulty in the recollection ot Mords ind 




j-jjr j — Hjiiin ol I'atJOiit y *S<‘ctjitii below bi's.il guiyli i 


coitev instajitl^ bn);,a>(l llnoiiyli the duial jncisioji and bui&t i few seeont]-r 
liter, ennttiiif' a jet oi yellow i-ili lliiid E\ploi.ition of the cavity thus opened 
pio\ed it to be nieiely tlie dilated l.itei il eentiiclc, fioin A\hich was leiiioved i 
small bird tuinoi, giowing fiom the choioid plevus and adheient to the tapetal 
inaigiii 

PoHlopci alive Flislonj — Foi tw'o dajs piticnt had no postopeiative symptoms 
ind no incieised dilhculty in speech 

Dec 2, 1900 Patient in good geneial health, but completely unable to express 
hei thoughts, woids weie slowly and distinctly utteied, but weie quite inapt 
and wuthout iiieining, hei ciiois caused patient much distiess Coiiimaiids were 
peifeetly undei stood and pei formed 
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Dec 13, 1900 Patient in excellent health Vision, light 6/9, left 6/6, 
maiked subsidence of optic disk swelling Eight facial weakness mlicli dimin- 
ished No paiesis of the limbs Woid foigetfulness only laiely piesent No 
apiaxia No attacks of ciude sensations 

Jan 14, 1910 Patient left hospital without symptoms 

Case 9 — Ilistoiy — J M C, female, aged 33, was admitted on May 14, 1909 
May, 1904, she had a sudden attack of unconsciousness with geneial convulsions, 
in which hci tongue was bitten Sbe was subsequently quite well till Novembei, 
1907, wdien she had anothei fit of sudden unconsciousness but wutliout involun- 
taij mocements Apiil, 1908, she began to complain of nausea but vomited only 
once In May, 1908, heidaehe developed and giadually became nioie constant 
and seveie, fioin the same time she often found she could not accuiately name 
familial objects, she would, foi example, in these transient peiiods of woid 
foigetfulness call a clock “a w'atcli,” etc, but she was ahvays at once awaie of 
hei mistake, horn this date also she wms subject to momentaiy losses of con 
scioiisiiess Fioni Decembei, 1908, she W'as unfit to wmik, she did any task 
veiy slow’ly, w’as easily tiied, spoke seldom and hesitatingly as it at a loss foi 
woids but bei aiticulation ivas unaflected Fiom Maich, 1909, her vision which 
had then been slightly defective foi nine months became lapidly woise, and 
tiansient diplopia, and biief spells of blindness often occuiied Foi seveial 
months befoie admission she fiequeiitly “had a bad taste in the mouth” which 
laiely was followed by loss of consciousness 

Examination — Attention and memory pooi , mental piocesses slow" but deal, 
maiked woid foigetfulness w'ltli peifect aiticulation, but halting elliptical figuia 
tive speech, cianial neives iioinial except for intense swelling of both optic disks, 
motoi and sensoi y systems noimal, gait and leflexes unchanged 

On the evening of May 10, coma suddenly supeivened, a decompi essive opeia 
tion was at once peifoimed ovei the left tempoial region, but jiatient died two 
hours latei 

Neciopsy — Left tempoiosphenoidal lobe consideiably enlaiged, slight pies 
suie on left thud neive and left optic tiact Soft iiifiltiating tiimoi containing 
lecent heraoirhages, extending thioughout the center pait of left tempoi osplieii 
oidal lobe for 6 cm in antei opostei loi diiection, foiwaid to 1 inch fioin tip of 
the lobe, inward to posteiioi wall of descending hoin of latei il ventricle, dow"n 
waid to imigin of eoitical giay mattei 

Section thiough middle of basal ganglia and inteinal capsule lunioi, liniite 
oil anteiomesial aspect bj posteiioi pait of mteinal capsule, lay complete y 
behind posteiioi limb of Mane’s “quadiilateial ” 

Mesial suiface meiged w'lth aiea of optic ladiations Mici oscopieallj ai 
coma 

52 West Fifty Thud Street 
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lull iMii« Iii^ii thin ^iitii hi liii.in I hi* tii'i tin p.itii'iiU lu'ii* 

.'lull iwo injiitioii' (hull I him om injoiiion d.iili loi ton d.ii^, <ind 
ihi II 111 luiiiij: null ii 1 11 lit u I'lion ono inji-i lion d.iiii ioi 'i\ d,i\*> The 
li-ull' hi till- lllitliod hilli;.'' nil '.It I'l.lt joi 1 I in.ldi* il Jliltlu‘1 lodllO- 
lioii I ditii.i-i'd till* tinii to oiii injfi lion daili loi (nt* il.t!-, .ind aNo 
nail 'inalli i do>(‘.. 

1 hopi till,* lolloiMiiii icpoii ol nimti-iwo ( a-L's m wliuh the piitient-i 
Mill tu'itid i*\i Ill-Ill 1 \ iiith Hill haii^n'd ii///s jt w mil le.id to the 
loniKiion oi tin; uino\iou-n(*-'> ot tin- nii'thod 

Foi tin tiealiiii'iiL 1 u-e i*\i lu-iieli tin* Iiiain ol laliliit^ inioctod iiith 
mu's //(('- 'fill* hiain i- lenioied and diiided into heiiiisphoics and eacli 
jui-eiicd on “lU pei tent ;,di(i*nn -> 1.1111 a^Mi in tubes 15 l)v 3 cm 
(I'ljiiiit I) Tile tube*? .lie then toieied mth a nibbci cap to pievent 
ei <ipoi .iLion .ind ,iie kept in tlie lelii^eialoi Tins pie-eiiing iiietbod 
is (lulei.ible to p;l}teiiii natei, 11011111 leadi loi use at all timeb and any 
Iiai-teiial cont.iinin.ition Mill be detected l)i "loiith on the sniface ot 
the a^r.u 


1 Pioeschci, liiLtItnt A D-ingei ficc Metliod of Using Fleshly Piepaied 
Viiiis ( t OKI J’'ixc) fioiii the iii.iin of the Ifjihophobic Babbit, New Yoik Med 

Join , I'lOO, \c, 088 , , 1 

2 'Iho labbits wlncli iie used foi obtaining the vi) us fixe me lulled duiing 
the pai.ilytic stige by bleeding fioni the inguinal .aiteiy about twenty foui 
houis befoie the time death is expected Ihis method is piefei ible to spontaneous 
death bie.iuse a ccitain inioiinl of b.icteiia will entei the blood stie.am duiing the 
agony and the bi.iin will not ilw.iys be steiile 
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As a loutine measuie we use a fiesh labbit biain each week, although 
the VD us /^^6 pieseived in these tubes letains its viiulence liom foiii °to 
SIX weeks Foi obtaining a unitoini amount of biain substance we use 
a iiiethial foiceps with a concave alligatoi ]aw which, when closed, foims 
a small cavity which will contain an aveiage amount of 0 10 gm to 0 12 
gm of biain tissue (Figuie 2) The steiilized instiument is opened, 
toieed into the biain substance (Piguie 3), closed and lemoved and the 
contents deposited in a steiile glass This amount is then thoioughlv 
emulsified with a steiile glass lod, a few diops of salt solution added 
until a homogeneous suspension is obtained, and is fuithei diluted with 
30 c c of salt solution 



ji’io- 1 — Biain substince pieseived on 50 pei cent glyceiin slant agai 

Thiee c c of this emulsion, which is equal to about 0 01 gm imis 
fi'ie, is injected subcutaneously The abdominal legion is piefeiied 
In Table 1 my cases aie giouped aftei the example of Pasteui, with 
the addition of one gioup in which the diagnosis is made by histological 

examination , 

Gioup A contains such cases as weie pioved positive rabies bi animal 

inoculation i. , fa,. 

Gioup B contains cases which veie diagnosed by competent ve 

inaiy siiigeons 

Group C contains cases of suspected labies, the animals, ho 
not having been examined 

Gioup D aie cases diagnosed bj histological examinations 
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In 'ujijc' ni tJie-n ta-cs ilu wound Juid boon taii(L‘i i/i'd pievious to 
iU]nii>-»it)n hut m no (.I't \v.i'> tin t auiui i/.Uion -ulluu'iiL to do''tio\ the 
\nu- 

'riie ninc'l\-t\\o (a-is jn wlmli llii> tiealnienl was U'-od bliow that 
the ])K‘\enti\e tieatnienl with unch.injiod iiiui fiu' •fives coii'-tant lesults 
u*ifaidk“->' of the docuM'-ed doM's and ilie tune ol tiealment 

Wlien wo con'-idoi tliat in otliei PjI'-Iciij institutes, wducli use the old 
01 a luoie 01 io^s inoditied scliome ot tieatinent by Pasteui, that the 
a\<.ia<fo nioitality is between 0 13 and 1 2S ])ei cent and luithei that it 
IS '-hown bv llie stat^tic-. collected by Diatioptoll that the moitality is 
iiKicascd with the Jenirtii of time between the bite and the heginninq^ ot 
the tieatinent the entiie use of nnchanocd rii its fne is without doubt 
siipeiioi to the othoi methods 


'lAHii 3 — Dlmiis UM>in 'Jiu viwnsT -wirii Virus Five 


Beginning of tienlnienl 

Cnses, 

Deaths, 

Pei 

aftei the bite 

No 

No 

Cent 

1 Nveek 

1002 

26 

0 56 

2 weeks 

001 

16 

1 66 

3 Nvceks 

313 

10 

3 19 


In none of cases has an ill effect occuiied winch could be tiaced 
to the use of unchanged viius fixe 
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If it IS possible to immunize animals with one injection of unchanged 
viius fi%e^ why not human beings^ Accoiding to niy piactical expeii- 
ence with human beings, I gave laige doses of unchanged vinis fixe with- 
out dangei Tlieiefoie I conclude that one laige dose of fiesh vuus fixe 
should give complete iinmunit} 

the piesent tieatment, I give 0 05 gm in five days My first 
foity cases I gave 0 4 gm daily oi 2 4 gm in siv days One dose of 0 1 
to 0 2 gm should give a complete piotection even in the moie extensive 
bites 



Fig 2 — Uietludl foiceps. wvtiv concave alligatoi jaw 

Fell an gives 0 3 gni of fiesh vuus fixe in five days, which is piob- 
ably too high since he uses only the siiperadjacent fluid and not the 
sediment The aveiage amount would be about 0 15 gm 



Fig 3 — Cutting biain substance nitli uietliial foiceps 

I agiee uith Maix that one injection will immunize all human beings 
capable of being immunized, and that nioie or less duiation oi the incu- 
bation time need not be consideied, because an incubation tune of twelve 
dais has not been definitelj^ deteiniined in human beings Imniunitv 
uiU be pioduced within the limits of this time 

The dangei oi an intoxication fiom the rabies toxin, the last objec- 
tion of Maix, is Avithout foundation because the entiie amount of 0 t^to 
015 gm IS about one-fonith sinallei than the fiist dose gnen to Jie 
fiist foih patients and without any sjmptoms 



/ lilUU UK' rUKl'Sl liui T,,l 

J 111 oi c I u .1 ii\ ,uitl ]>] .u tu .)II\ ilu'ii* I' no ohji'iitoii l() ixuini; one 
J.uuo flo'O 111 uiuii.niLiiil /iir liotli .i- to -.it'ctx niul immuniU Foi 
i.ijiul ,m<l ali'Oi |niui) ji j-- iiihi'iiliK to iii|i‘it the dn-t* in thioc 

01 loni dilhoont loiaiion'- 

’I'o -.i\ tli.u ni<ut.iiit\ !•' uilimd <o till' niiniinnni In ihiM'Xt Imno mo 
ui nniliiinnd luns fm wdl ]ia\o to !»o lonfuniod l)\ n-o in a Lni,a'i 
nuiniKi of la'-t" 

'1 iio iMiahtu -\nijitoni-' oh-onid dunn”’ oi altoi tioainioiu with the 
othii iiKtiiod^ '•II in to 1)( lino to an alioiino loiin ot -iioot \um inloc- 
tion )no]»ald\ dm to m iinoiiijilito niininniix and not to tin' tiiMtinonl 
u n h ; (/ i/s fn e 

li !' iU(i-'U\ to ki.i|i in mind tiiai not .ill the dilloHMit '■tiaiim ol 
((•//s /f<i’ in umli.inmd (ondition wlinli iii(> n-td in otlui iii'iiiidi- aio 
»nnui\ fi« o fioin daimi 1 to Iniinan In in“- l’\ii\ otlioi iiiiis ///ouliuli 
ailj In U'ld in niulianmd (ondition nni'-t liotaioinlh ti-tod Ixloio ii'iii<i: 
on Jniinan in iim- It m jnoii.ihlo, )io\\«*\ti tli.it .ill tin* iniis /in m nioio 
Ol K .niiuknt to human hunu- a- li.i" lioi n -lioun In m.iin (.iifliil 
iini'-tiu'aioi- 

iho <im-tion .iii'C' (’.in \\i luiilioi duio.i'-o tlio timo ol lio.iiimnt 
Mhiioni ii-k' 1 !)o!n\o tlii" (jiu-tion tan la .imuoiod -.it ■'•f.u loi il\ 

-M<u\ sliowid o\)K I imoiit.dh (h.u laliini- .ilioi oiio in[oition inti.i- 
))Ciiiom.dh with uiuli.tiiLtid iiii/'. /nr t.in lio tomplololv imniiiiii/od 
'I'lie i.iblnt'' alioi tiio twolfth d.i\ .iie t omplolt'h mininno to inti.ioiani.il 
inJodion I (,in (onliim Afai\’ oxpoi inu iit-' 

J>\ tho old P.i'iotu niothod and it'- modilii.itioii'^ in uliuli iiiu haiiitod 
Him /nr i- not irnoii .it .ill, llicio m oni\ a \ei\ sin.ill amount ol miu- 
leiit linn (nr in the diiod '•[uii.il coid which will "no iinmuniti VFo 
<i \C'i\ «m.i]l amoiint ot unoh.in'ced viiU'< /nr is "ivoii be tho ITotfies 
dilution method It m exident that the whole amount ol vinn fur wdiioh 
IS "iveii in iiom ei^^hteen to twenty -one d.ivs bv the old stlieiue eould be 
loduced to one oi two iiijcolions with uncliamted rum fne 

A\diat idle tho toMiis pl.i^ in the mimuiii/.ition f leave uiidoeided 
Tlieii evistenco is not evident and in nn opinion thee aie without trieai 
\alue foi the immuni/alion 

Tlie expeiience with othei caciines has deinonstiatcd that a ceitam 
pe’ceniac;e of cases, in spite ot tho same conditions, cannot be imiminizetl 
01, bettei said, that the immunity cannot be pioduced to such a point 
that a complete piotection is assuied We have also to count on a 
eeitain amount ol failuie, in spite of using the most intensive tieatnient 

100 E<ist Stockton Avenue 



A CONSIDEEATION OP SOME CHEMICAL TEAHSPOEMA- 
TIONS OP PEOTEINS AND THEIE POSSIBLE BEAE- 
ING ON PEOBLEMS IN PATHOLOGY 

FRANK P UNDERHILL 

M;W nA\EN, COXA 

Eecent investigations concerning the stinctuie of jnoteins have led 
to a iead]ustinent of oui ideas with lespect to the mannei in winch these 
substances may become an integial pait of the organism ^ and the studv 
of the changes uliicli occiu fiom the time when piotein has been built 
up into cell stiuctuie until its exit fiom the body in tlie foim of waste 
pioducts IS at piesent only in its infancy Accoiding to the newei 
conception, the piotein molecule is a huge complex consisting of the 
union of a laige numbei of simple amino-acids This conception is due 
laigely to the leseaiches of Emil Pischei, who has succeeded in fastening 
together vaiious combinations of amino-acids in such a mannei that the 
lesulting compound behaves in some lespects like ceitain of the pioteins 
Some of these substances, called pol3peptids, have indeed been isolated 
fiom the decomposition of native piotein Accoiding to Pischer, pioteins 
aie meielv mntuies of complex polypeptids and cannot be consideied 
as chemical individuals This view, howevei, is not shaied by othei 
piotein chemists 

In its jiassage thiough the alimentai)' canal the laige piotein complex 
undeigoes a degiadation, — a tiansfoimation into smiplei molecules which 
aie still legal ded as simple pioteins, togethei with a long chain of amino- 
acids belonging to the aliphatic, aiomatic and heteiocyclic senes Oui 
modem view of the natuie of piotein foibids the acceptance of the oldei 
idea that the necessity for alimentaiy tieatment of piotein is meiely to 
tiansfoim piotein into a condition suitable foi absoiption Obviously, 
solubilit}^ and diffusibility aie only a small poition of the piocess, othei - 
wise it would be unnecessaiy to entail so much laboi on tlie gastio-enteiie 
tiact by the appaiently needless foiination of ammo-acids The need foi 
nitiogenous substances is to leplace cellular structuies worn out thiough 
metabolic activities Just how this leplacement oecuis is problematical 
Ceitain it is that the only detectable nitiogenous food supply foi aueh 
stiuctuies is to be found in the pioteins of the blood No amino-acids 
or other piotein decomposition pioducts haie been isolated fiom the 

The Middleton Goldsmith Leetiiie foi 1911 lend befoie the New lork 
P ithologicnl Society nt the Acndeiin of Xledieiiic Maich 18 1911 
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blood ^ An explanation for the necessity for the extensive dismtogia- 
tion of the piotein molecule has been olleied as follows 

“E\ery species of annual — in fact, every iiuhvulual — has its specifically con- 
stituted tiisues and cells If the diet wore ahvajs the same, the formation of 
the tissues might be ir some close rel ition to the comiionents of the food The 
diet vanes, however, and, especiallv in the case of human beings and the 
oninivora, la excecdingl} diverse in nature and to make its organism independent 
of the outer worM m the matter of food t ikeii, it disintegrates the nutrient it 
receives, ind utili/es tho-^e oomponents which m iv be of aeivice to it in building 
up new complexes ”* 

Man} important functions have been attiibuted to tlie intestinal wall, 
but perhaps none of more significance than a selective power foi the 
synthesis of amiiio-aculs into seium albumins Accoiding to this view, 
the intestine receives a “Series of moie or less simple ammo-acids and by 
uniting them m var}iiig proportions foims delinite compounds, probably 
serum proteins, to meet the organism’s lecjimements The seium proteins 
are then diawn on to fuinisli nitiogen lequiiements for the specific 
organ or gioiip of cells This piobably entails a tuithei transforma- 
tion Such a theoi} accounts for the necessity of the complete degrada- 
tion of piotem in the gastro-cnteiic canal and accoids with the entue 
absence of cleavage pioducts m the blood On the other hand, this 
extensive degradation, s}nthesis and fuithei disintegration appeals quite 
uneconomical ph}siologically In the lust place, only a comparatively 
small amount of nitrogen is needed to lebuild tissue, and the excess must 
be tiansfoimed into some foim easy of elimination, all of winch entails 
loss of energy and tissue waste It is a matter of common observation 
that when protein is fed, piacticall> all the nitrogen is lapidly excreted, 
and. one is inclined strongly to believe that this poition has never been 
le-synthesized into protein If amino-acids oi other decomposition 
pioducts could be found in the blood, the solution of the problem would 
be at hand The failure to discover them does not disprove their presence, 
however, since the quantity in the poital vein, at any one moment, may 
be so small as to escape detection with oui piesent methods 

Whichevei way one views this problem, the fact remains that sooner 
01 latei inteimediaiy piocesses must be concerned, primarily with a 
senes of amino-acids These aie the substances that must be metabolized 
in eithei case, and it is to some of the transfoi matrons that these com- 
pounds may undergo within the oiganism that I particulaily desire to 
call attention It is my puipose to indicate the possible bearing of certain 
types of inteimediaiy piocesses upon problems in pathology, foi it is my 
belief that the hope for a complete undei standing of some of the phases 
of disease will be lealized in propoition as our knowledge of intermediary 
processes inci eases 
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DEAMIJ7ATI0N AND THE SIGNIEIOANCE OE AMMONIA IN THE BODY 

Modem investigations teach that when amino-acids obtain entrance 
to the tissues, a process o£ deamination lapidly occurs, the nitrogen is 
split oS in the form of ammonia In othei words, the amino-acid is 
converted into a nitrogenous and a non-nitrogenous portion It is 
piobable that this piocess of deamination takes place for the most pait 
in the livei, although the livei is by no means the only oigan capable 
of pel forming this reaction, as has been pointed out by Jacoby®^ and 
Lang The older obseivation of Henki, tliat blood flowing from the 
intestme is richei in ammonia than the blood of any othei vessel, may 
also be regarded as piobably oui first indication that the intestinal wall 
may carry out the process of deamination Ordinarily, the ammonia 
split oft reappears in the urme as urea, being synthesized into this closely 
related compound in the liver That deamination occuis also with certain 
protein complexes, has been conclusively demonstrated by Cohnheim-* 
The further transfoi matron of the non-nitrogenous part will be consid- 
ered later 

Under noimal conditions the quantity of ammonia excreted in the 
urine varies within certain well defined limits, and in general is directly 
pioportional to the intake and total output of nitrogen The elimination 
of ammonia in disease may vary enormously, and usually when a changed 
excretion is observed it is in the direction of a greatly increased output 
In fact, ammonia output in the mine is probably more easily affected 
than the elimination of any other single urinar}^ constituent, except the 
excretion of urea which bears a reciprocal relation to ammonia If the 
literature relating to ammonia output in disease is leviewed, it is found 
that mereased ammonia excretion’^’’ is charaeteiistic of pathological con- 
ditions apparently widely diveise in nature For instance, an augmented 
ammonia output has been observed in cholera intestmal hepatitis, 
carcinoma of the liver, cinhosis of the liver, pneumonia, polyarthritis, 
typhoid, various other fevers, acute uremia, phosphorus poisoning, 
gastro-enteritis, starvation, diabetes, pernicious vomiting of pregnancy, 
eclampsia, etc 

Ammonia in the normal urme is looked on to-day as an index to 
the quantity of acids present Acids are toxic to the oiganism, as has 
been demonstrated repeatedly, and ammonia is diverted fiom its trans- 
formation into urea to neutralize these acid radicles ■“’ The 

same idea prevails with respect to diseased conditions in which increased 
ammonia in the blood and urine is regarded as evidence of inci eased 
production of acid radicles ’’’’ It is a well-Icnou n observation that this 
excessive elimination may be greatly diminished by feeding other alkalies, 
as, for mstance, in diabetes If ammonia is employed m the tissues 
merely to neutralize acid radicles, it would seem fair to assume that if 
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suiikient aikah ^\ere intiodiiced, uo ainmouia should appeal in the mine 
E\perimenta!h, sUch a condition has nesei been brought about in spite 
of let) large dosc^ oi alkali Fioin this fact it uoiild appear that a 
certain (pianiit} oi aimnoina is coininuall} present in the blood This 
lioJds true al-o for the herbnoia, c\en ihoiigh these animals are assumed 
to neutrali/e acid radick's b\ alkalies olhei than ainmoiiia 


Throughout the literature relating to acidosis and ammonia excietion 
in the urine, cmpliaus is laid on acid radicles as to\ie agents Little 
or no attention has been deioted to the idle which mat be plated by 
ammoma iiscll when \iewcd fiom the same standpoint As a matter 
of fact, ammonia is e'ccediiitrh poi-onous and few salts exceed those of 
the ammonium ‘•tries m comjiainnc to'>icit} On the oihei hand, of 
the acid ladicles winch aie supposed to cxcit such deleterious effects, 
as, for example, in diabetes, not one has been '-hown to hate anx stiikingly 
toxic properties at least in the noimal oii:ani=m From these statements 
the pos'ihilitt IS oiFered tliat incroa-ed ammonia output in the urine ma} 
realit mean incica=cd ammonia pioduction resulting fiorn elect eased 
urea foirnation Expenmentalh, theie is no etidenec that such may 
not bo the case, and according to tins tiew ammonia must be neutiah 2 ed, 
which would account foi the pieseiico of oiganic acids m the mine, as 
in diabetCft, staitaiiou, htci disoidcis, etc , piecisel} as the introduction 
of cainphoi, meiithol, tlninol, etc, accounts foi the appcaiance of 
gl3Cuionic acid m the mine In this connection anothei inteiesting 
pioblein presents it-elf In diabetes, beta-ox}butiic acid is the acid 
formed in large cjuantity, wheieas in other conditions, as in cnihosis of 
the livei, lactic acid is found As a lule, the twm do not occur together 
except in starvation and in pathological conditions in which inanition is 
an accorapammont The presence of tliese two compounds in the urine 
would indicate two difieient t}pes of mechanism slightly diveited from 
the normal'''^ In entiie accoid with the theoiy that ammonia may be 
the toxic agent are the obseivations of Cailson-^ and Jacobson The 
formei has shown an increased quantity of ammonia in the blood after 
complete thyroidectomy and parathyroidectomy The lattei has demon- 
strated that the concentiation of ammonia in the blood necessary to 


produce expeiimental ammonia tetany is practically equal to that found 
during parathyroid tetany ‘‘This supports the view that the increased 
ammonia in the blood of parathyroidectomized animals is directly respon- 


sible for the tetany and the depressive symptoms 

If, on the assumption that a common law underlies all the varioua 
pathological conditions mentioned, one attempts to account for the pres 
enee of ammonia m the urine, the suggestion pi esents itself that it is m 
some wa}’’ connected with the metabolism of the carbohydrates In prac 
eally every condition in which ammonia in the urme is charaetens ic. 
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there is either a lack of carboliydiates, as in jJrolonged staivation, or a 
faulty utilization of carbohydrate, as in diabetes, ciirliosis of the liver. 
01 after complete removal of the thyroids and parathyroids, etc®- It 
would appear, therefore that carbohydrate is the factor controlling the 
regulation of ammonia production *>3 Thus in prolonged starvation, 
ammonia in the urine may be greatly diminished by feedmg carbo- 
hydrate ^3 In the solution of the problem as to the pait played b\ 
carbohydrate, at least two possibilities are presented 1 Carbohydrate 
influences the output of ammonia indirectly by its eSeet on the combus- 
tion of fat, for it IS well Icnown that fat is burned much more readily 
when carbohydrate is present than when the store of this substance in the 
body IS greatly depleted 2 It may be possible that the liver cell, for 
instance, is incapable of effecting urea synthesis in the presence of insuf- 
ficient carbohydrate in that organ The latter hypothesis certainly pre- 
sents interesting problems, both for the physiologist and for the patholo- 
gist Attempts have been made in our laboratory to follow this hypothesis 
to its logical conclusion The results thus far obtained, however, have not 
been fai -reaching for the reason that it is exceedingly difficult to obtain 
the proper experimental conditions The investigation has been earned 
out on animals entirely In the first place, an endeavor has been made 
to remove the carbohydrate store fiom the animal’s body by various means 
with the hope of inducing increased ammonia in the urine Prolonged 
starvation, phosphorus poisoning, a combination of the two, phlondziu 
intoxication alone and together with prolonged inanition, and cocain 
poisoning have proved unsuccessful in inducing increased output of 
ammonia This result is m harmony with those obtained by other inves- 
tigators (Jackson and Pearce,'*® Eichaids and Wallace,®® Underhill and 
Kleiner®*) These facts by no means invalidate the hypothesis, foi it is 
well known from the researches of Pflugei and his pupils that it is 
exceedingly difficult to get dogs glycogen-free Since it is well known 
that dogs are refractory in this respect, inanition experiments were Gai- 
ned out also with the pig and rat, omnivora, and hence, presumably, 
allied to man in metabolism The results were in entire accord with those 
vith the dog Ammonia in the urine was not increased Piom this 
point of view it seems most probable that the decision of this question can 
be obtained most readily with the human subject 

If ammonia is to be regarded merely as an alkali foi neutialization 
purposes, rather than as a toxic agent pe> se, it may be cited as a splendid 
illustration of the "factor of safety” principle enunciated b} Melbei®* 
foi other mechanisms Ordinarily, ammonia is transfoimed to urea, but 
if acid radicles are floating in the body fluids they are rendered inert bi 
union inth ammonia, hence less uiea is formed Therefore, increased 
ammonia in the mine, with a conespondmg diinmution in the urea ma\ 
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lie leuaulcil as an indication that the bod} i=> endea\oiing to maintain 
noimal Londition- and not that there is iiccessaiil} an) inabilitt to foiih 
uiea on tlie jiait of the oiganibin, oi that lesions in one oi another oigan 
aie ncLe^-aiih i elated to inciea=cd aniinonia output Indeed, e\en wlieu 
aeiite \ello\\ atiopln ol the Iner is at its lieiglit, tlie quantity of ammonia 
in tlie uiine ma\ be noimal •* 

Closeh a-sociatcd uith pioblenis coiiceining the significance of 
amnionii aie thu-e ha\ing to dt) ruth the lelation of this substance to the 
amino-acids and the methanisin ol deamination Within the last few 
icais di'CUssion of the relation of so-called defectno oi iiisiifhcient deami- 
nation in a -eiics of jiathologita! conditions has come into ^ogue It has 
been as-umed that the liver was incapable of peifoiming its function 
and that the condition was indicated b\ high ammonia and a high unde- 
termined nitiogcii in the niine It does not seem to have occuiied to 
thO'C who advocate this point of view that high ammonia and the pies- 
iiiie of amino-acids in the in me jne-ent incongiuoiis conceptions if the 
sum of uica and ammonia nitiogeii is noimal In othei woids, if deami- 
nation w<ie defective, one would expect low ammonia in the uiine when 
amino-acids aie inc-ent Much stie=s has been laid latteil}" on the occui- 
lence of ammo-acids m the uiine In health a little glycoeoll lias been 
isolated m the uiine which is not strange when one consideis tlie lole 
ot gl}eocoll as a compound intended to leiidei toxic substances innocuous 
as m the ca-e of beiuoic acid and the compaiative difficulty with which 
gl} cocoll IS binned Leucm and t}iosui have been isolated from the 
uiine ol patients with acute }ellow atiophv, and with phosphoius 
poisoning 

Accoiding to Ignatowski/"' glycoeoll, leucm, 
tviosm and aspaitic acid aie found in pneumonia and leukemia Similai 
finds aie obtained in scailatma and typhoid Insults to the pan- 

creas^^ may lead to the excietion of a polypeptid which on hvdiolysis 
}ields tyiosin, and accoidmg to seveial obseiveis"®' - a similai compound 
may be obtained fiom diabetic uiines As a result of distuibed meta- 
bolism induced by lack of oxygen,“^> amino-acids may appeal m the 
urine as well as aftoi ethei-chloiofoim naicosis “ These bodies mav also 
be piesent in exudates and in the fluids formed in edema 

To account foi the presence of amino-acids m the blood and hence 
also their excietion by the kidney, it is unnecessary to assume that defec- 
tive deamination is responsible They may be produced, as for example, 
by increased autolysis of a tissue or organ in a part of the body far remote 
from the organ oi organs possessing the power of deamination and may 
theiefore be eliminated through the urine before the organs of deamina- 
tion have had an opportunity of performing their function In other 
woids, these compounds may be formed in the muscles, for instance, and 
be eliminated in a large part by the kidney before the liver, which may be 
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Cited as an organ of deamination, has had an opportunity of acting on 
them In harmony with this idea may be cited the conditions which 
obtain m this lespect in cystinuria In certain of these patients, the 
amino-acid, cystin, is eliminated through the mine either alone or in 
company with other ammo-acids, for example, leucin and tyrosin Appar- 
ently, the cystinuric patient is incapable of deaminating and burning the 
ey&tm nevertheless, when cystin^^>^®- is fed to such individuals they 
experience no difBculty in completely deaminating and burning this 
amino-aeid, and it has also been demonstrated that eeitain, at least of the 
cystinuiics, can handle other ammo-acids, as tyiosin'*® and aspartic acid,^®^ 
when fed The reason for the presence of ammo-aeids m the urine under 
the pathological conditions pieviously cited, may be similar to that fie- 
quently given for cystinuria, namely, that the cystin eliminated arises as a 
result of processes within the organism, not necessarily from the food 
And m neither ease is it necesary to assume defective deamination 

THE EURTHER EATE OE AMINO-ACIDS 

Until recently our knowledge concerning the exact mode of decompo- 
sition of the cleavage products of piotem has been extremely limited It 
has been assumed for years that the non-nitrogenous portion of the ammo- 
acid IS oxidized and hence may be looked on either as a direct source of 
energy, oi as potential eneigy lesidmg in carbohydrates or fats synthesized 
from such material Eecent obseivations, however, have tended to give 
us a more enlightened view as to the exact way m which these amino- 
acids are handled Thus, from the investigations of Emden, Salomon and 
Schmidt,^® it may be seen that leucin added to the blood of a dog and 
made to pass through the surviving liver causes a considerable increase m 
the acetone contained in the ciiculatmg blood Under noimal conditions 
some acetone is a product of liver activity 

In Older to understand the steps necessary for the production of 
acetone from leucin, certain othei facts must be taken into consideration 
Knoop®^ has conclusively demonstrated that the aromatic fatty acids are 
decomposed in the body in such way that there is an oxidation at the 
beta caibon atom followed by a cleavage in the side chain between the 
alpha and beta carbon atoms Thus, phen 3 dbutyric acid is decomposed 
into acetic acid and phenylacetic acid The latter appears in the uime, 
and the acetic acid is presumably decomposed to CO, and H,0 
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1 l 1- peifecih po-sililc Uiat tho )»rc.ikmg do\wi of (he aliphatic fatty 
acif]'' ii\f' iiiaio in 'Oiuewhat tiic '■anic fashion lioiiboiiing Xioin this 
\ low point It Is jtiohihlc liial ihc tnin-^loini ilioiis Vihich occiii in tin? 
pioductioii Oi attluiie lioin leucin aie .i-^ iollou'' 
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Leiuin fii'i uinKogocs oxuhitne ileaniinalion b} ulnch a ketone acid 
1' loinicd ’Iiieii !j\ oxiditue (' 0 _ il. uaeje i-oxaleiic acid is piodnced 
Xott ch'uace take-' jik'tt* htt\.etn tin alpha and beta caibon atoms 
On liic othci Inmi, Ikici and lilund- ha\e iOiiiid an incieased output 
OI biia o'\bntMit ai id in ihi uiinc aliui ;iivinir leuein to a diabetic and 
the folkn.in^ tiaii'foini.iiion-s luue boon atliibuted to it 
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Whetliei one can assume iioni these obseivations that the oiganism 
of the diabetic is incapable of Iiandling the amino-acid in a noimal man- 
nei leinains a pioblem loi liiluie investigation to decide ^^ith the 
piooi of acetone toiniation fiom pioducts obtained fiom piotein deiiva- 
tives, we obtain foi the hist time a cleai idea concerning the utilization 
ot the caibon chains fiee fiom niliogen fiom eeitain amino-acids We 
leain in this way to consider the foimation of acetone as a noimal 
piocess, it being a noimal pioduet in the decomposition of leucin If 
acetone is a step in the demolition of ceitain of the amino-acids, why is it 
that in vaiions pathological conditions, as diabetes, gastro-enteiitis, star- 
vation, etc, laige quantities of this substance are excreted in the urine 
instead of being fuithei decomposed as in health In answei to this 
query, it may be stated that piobably only a small portion of the acetone 
excreted uudei the conditions ]ust cited leally has an origin in the carbon 
free rest of the ammo-acids 
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When a fatty acid attached to the benzene iing is followed through the 
organism, the changes which occui are not quite so simple Ordi- 
narily, when fed to the noimal organism, tyrosin, which is such a combi- 
nation, entirely fails of detection in the excreta ISTot only has the fatty 
acid been decomposed, but the benzene ring has been broken, which may 
be legaided as a difficult chemical leaction The possible steps through 
which tyrosm must be earned have been indicated by ISTeubauer There 
IS a class of pathological subjects that present certain anomalies m meta- 
bolism These subjects, alkaptonurics, excrete uiine containing homo- 
gentisic acid For a long time it has been recognized that tyrosin fed 
to the aikaptonuiie results in an increased output of homogentisic acid 
Ordinarity, this substance is decomposed in the organism, but in the class 
of individuals referred to, it would appear that this decomposition is 
withheld or inhibited The changes which lead to the formation of 
homogentisic acid in the aikaptonuiie and hence probably also in the 
normal subject have been outlined as follows 



p oxypAenyl p hydro(^i>inone 

amino -propionic ae/ei ^^roracffm/c 

acid CTyrosmy (Ke.tone acid^ 


In haimony with the idea that homogentisic acid is an inteimediaiy 
product in the decomposition of tjnosin is the demonstration that the 
normal liver is capable of forming acetone from homogentisic acid 
The leaetions nhieh occur are probably in accord with the suggestion 
given below 
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''ll !.u ilio ciiiuhtion df alkajitomnia i? (on(‘eiiiec] it can 

liardb, lie* looked on a^ di-tineih .i paihulo^ical -Lite, it is latliei an 
anoi!'a]\ of inetahoh-m Xo\crt!icl« s'-, it i*- j'tn--iblc that it iiku beai a 
relation to dmase Tlni'- if ba- been -u^tte-ted that theie i*- an as \et 
unexplained rLlaiion-bi]) between alkaptomiiia and thionic pohai- 
rhiiis ■ '< •* llonioiienii-it .leid i- al-o elo-ch iclated to ceitain pig- 
luent" wbiih omn under abiionnal condition- It nia\ be e.isih tians- 
foriued into a dark-<olor<d piitnunt wbub beai-. a lelatioii to the gioiip 
of bodie= known a- inekinin- wliuh an* al-o piotein deinaincs Whethei 
hiiipoifeiui'ic and 1 - ( oiu eriii <1 in the pioduction ol toloi in melanotic 
tumor- remain- a iim-tion foi future dcei-ion ft has been siigtreated^” 
that till re i- relatioinhij) betwcdi homoitenti-ic aeid and the coloring oi 
the bone- in uchrono-i- and at tune- oihrono-i- and alkaptoniu la occiii 
-imukaneou-h 

If It can be denion-trateil that alk.ij)tonuiia be.ii- a diiect lelationsliip 
to Certain disease- it i- olnious that the complete undeistanding ot the 
themic'il tian-fonnatioiis which lead to the piodiietion of this anomaly 
will iindoubtcclK jnove of \alue in the unra\eling of othei abnoimal 
procet-c - 

According to the iiewa which ha\e ju-t been expie-sed conceining the 
fate of .imino-acids m the bod}, the non-iiitiogenous poition is nieiely 
broken down into «im])lei compounds and eliminated This piocess of 
degradation undoubtedl} fuiniahes a certain amount ot eneigy in the 
foim of heat Looked at fiom anotliei point of vieiv,"^ the non-nitiog- 
enous pait of ceitain, at least, ol the amino-acids may be synthesized to 
caibolndiate and fat which in tuiii me iitili/ed as souices of eneigy 

Thus tai, the whole que-tion as to the late ot amino-acids in the body 
has been looked on as one ot analysis oi demolition Eecently it has been 
suggested that theie may be a synthesis of amino-acids within the 
oiganism, and Knoop''* has placed on lecoid ceitain experiments which 
tend to substantiate tins yiew Thus, after feeding phenyl ketonebutyric 
acid Ol even oxyacids of a similni type, he wms able to sepaiate from the 
urine an acetyl deiivative of an amino-acid Heie, for the first time, theie 
IS established a direct lelationship between protein and caibohydrate 
metabolism 


BACTERIAL PRODUCTS 

Indol Slatol, etc— As a result of the bacterial digestion of protein, 
ceitain well-known and well-defined products have been isolated and then 
specific influence on the organism noted Xot only have these bo les 
been separated and identified but the chemical transformations leadmg 
to their formation have been made cleai The protein 
t} rosin and tryptophan, are the mother substances for the es mown 
bacterial product^ In the intestinal contents have been found a nura ei 
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these reactions, a deamination of the aromatic amino- 
ac d mu.t oecui in the laige intestine The further leaction for the pro- 
c ion 0 p oxyphenylacetic acid involves the cleavage of carbon 
diosid from the eaiboxylic group and subsequent oxidation of the carbon 
atom If phenol is produced from cresol, then demethylation must occui 
Ihese reactions if coiiect, must involve the processes of deamination, 
cleavage ol carbon dioxid, oxidation and demethylation From trypto- 
phan the following products are foimed 

f t 



^ndol fBoFn.Fio 

p''opionac acid 
C'^*'Yptophxxn^ 


^ndol at-oniantc. 
o.ctcl 


■Xtidol acetic 
acid 


Skatol 



From these reactions it is obvious that the same chemical changes 
have occurred as in the transformations foi tyrosin, namely, deamination, 
carbon dioxid cleavage, oxidation and finally demethylation On the 
other hand, it has been suggested lecentl}' that indol may aiise in pait as 
a result of intermediary processes quite distmct from those involved in 
putrefaction 

Ordinaiily, when intestinal putrefaction is mentioned one invaiiablv 
thinks of indol and skatol as being responsible foi the series of disturb- 
ances which may be associated with this condition It has been assumed 
that a long list of pathological conditions may be closely related to 
increased intestinal putrefaction Thus, this condition has been held 
responsible in part for sciatica, tetanj", epilepsy, eclampsia, many forms 
of dermatitis, cirihosis, arteriosclerosis, various types of nervous diseases, 
chlorosis, myxedema, cietinism, pernicious anemia and nephritis 
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Althoiigli there ib abundant clinical e\idencG that oxcccsivc intestinal 
putrefaction may be associated with oi itsponsiblc for inaiked distuib- 
anccs, the substances thub lai i-'Otalcd fiom intestinal contents can not 
be =aid to po-sc.s \oi\ piofound loMciti It is tine that mdol when 
administered in quantities up to ’ irm pei da} causes fiontal headache, 
initabiliti, in'Oinnia and confusion .ind it has been ^houn fuithei that 
iiidol and skatol cause imi-cie to leaci to stimuli like latmued muscles'"® 
Cut the compaiainel} slight toxn ii\ tan liaidly be iC'-ponsible foi some 
of the 5}ni])toms obscned Vaiiou- explanations luue been olieied to 
account foi the di'-ciepanc} noted beiuetn clinical CMdence of intestinal 
lutO-Mcatioii and the fact that the sub-tance^ loinicd thus fai isolated aie 
onh slighth toxic The most pbui-ible exjjlaiiation toi the di'-ciepanc} 
mentioned i- tliat the Int of coinpouiids which ma} be foimed in putie- 
faetion has not }etbeen Cvliaiisted and it is possible, and indeed picbable, 
that in tune othei compouiid" of jmtufactne oiigiii will be" found that 
will ddequatel} account ioi the clinical S}inptonis obscned On the othei 
hand, it be po^^iblc that indol and ''Katol may cxeit quite dilieient efteets 
on the noinial organism from tlio-e which it cxeits on a body wdiosc resist- 
ant poweis bate been lowcicd a^ a icsiilt of othei pathological piocesses 
In othei words, the leceptixe condition of the liody under the two condi- 
tions mentioned ma} bo entiieh dilieient, piodiicing in turn quite lad- 
icall} ditleiing symptoms 

Amines and I'heii Foimalion — That we have by no means isolated 
all the active piinciples fioni putietactive mixtiiies may be well illus- 
tiated by the investigations recorded dining the last three years In 1907 
Di\on and Taylor-® aroused considerable inteiest by the publication of 
then obseivation that alcoholic extiacts of the human placenta when 
injected intravenously caused a maihed use in blood-piessuie and con- 
tractions ot the pregnant uterus On repetition of this work, Eosenheim®^ 
failed to coiioboiate the findings of Dixon and Tayloi ivhen extracts of 
perfectly fresh placentas were employed When, however, extiacts of 
placentas m various stages of putrefaction were intravenously admin- 
istered, results xveie obtained identical with those of Dixon and Tayloi 
A substance responsible for tlicse ellects has been separated and identified 
by Baigei and Walpole,^® according to whom the active piinciplc is 
p oxyphenylethylamin and may be derived fiom tyiosin as a result of the 
following reaction oh oh 
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Moieovei, iso-am} lamm has been isolated fiom putiefactive mixtures 

piobably being derived fiom leucm in accordance with the following' 
leaction ® 



CH NH^ 
( 


COO H 



(Leucin) Isoanylamin 

These lesnlts haie led the authois to lemaik that they aie induced ^^to 
emphasize the probability that the amins which we have isolated aie noi- 
inally formed by pntief action in the intestine and are absorbed 
fiom it 

The compound, p oxyphenylethylamin, is of peculiai inteiest foi sev- 
eial reasons In the first place, it was originally isolated by Emeison^® 
fiom an autolysis of pancreas and its mode of formation from tyrosin has 
always been considered unique It is obvious at present that it was prob- 
ably produced by putrefaction in tins case also Much more interest 
attaches to this substance from its great resemblance, both stiuetuially 
and phaimacologically, to epinephiin 
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P oxypAen)rJef/iy/am»f, adrenalin 


oxyphenylethylamin has an action very similar to that of 
adrenalin [epinephrm], reproducing both the motor and inhibitory effects 
of neives of the tine sympathetic system It produces the motor more 
poweifully than the inhibitory effects Its action diffeis from that of 
adrenalin in being weaker, and slowei in onset, and in being less strictly 
though mainly peripheral It is absorbed fiom the subcutaneous 
and the alimentary canal and produces its effects when so administeie 
Isoamylamin has a similai action 

Pinally, it is of exeeedmg great interest to note that p o\)piien3l- 
ethylamin is one of the substances uhich gi\e to ergot“ its chaiacteiis ic 
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action on tlie iiteius It i:? al-o piobiible that it is identical with the 
iirohypertensm of Abcloua and Baidiei These obseivations al«o indicate 
the neccssit} foi controlling all possible soiiiccs of bactoiial contamination 
Mhcn extracts of animal ti'-bues arc emplojed iii demon''tiation of specific 
action Agiui “i\Ian3 obsenations luue been published lecently con- 
lerning the presence m the blood-seium and mine in xauoub pathological 
conditioiH. of substances \\bich cau-e dilatation of the pupil of the 
enucleated onc of the frog 'I’he fact that both these amiiis have this 
adioii casts some doubt at lea'll on the \alidit} of the a'^sumption made 
b^ teruin ob-ener-', that the subst.ince in =erum, lespoiisible foi this 
effixt IS adrenalin On intioduetion into the body, the base is eliim 
naiwl as p owphenxl uetic acid anoihei example of deamination 
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When histidin is subjected to the action of putiefactive bacteiia, a 
comjiound^ is pioduced which holds promise of being lespousible in a 
measme foi ceitain leactions which have long been unexplained 



Hist/din j 3 tmmajolylethyiatntn 

This substance, beta-iininazoljlethylamin, lesembles in some lespects 
p oxyphenylethylaram in that both compounds aie contained in eigot 
extiacts, and both substances exeit similai influences on the muscle of 
the uterus In addition to the reactions possessed in common with 
p oi.yphenylethylamin, beta-irainazolyletliylamin is capable of callin^ 
foith. symptoms practically identical with those induced by injections o 
peptone solutions, or by serum oi other protein in the sensitized guinea 
pig, that is, pioducing anaphylactic shock The base has also a mi , 
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direct, stimulant effect on the activity of the salivaiy glands and the 
pancreas This secretory action, being paralyzed by atropin, may be 
regarded as a iveak action of the pilocarpm type, the association has some 
interest in that pilocarpm also contains an iminazole ring More recently 
this base"® has been isolated fiom extracts of the intestines, thus lending 
support to the suggestion that under normal conditions it may exert a 
more or less definite function in the maintenance of nutritional vbytbm 
Closely associated with p oxyphenylethylamin in extracts of placentas 
is another compound which may also be considered as an amin and which 
has an action antagonistic to that of p oxyphenylethylamin This com- 
pound, cholin, has been the subject of a gi eat deal of discussion during 


,Cfi, 




the last few years It undoubtedly has its origin in a lipoid compound, 
lecithin, a constituent of practically all cells It is, therefore, apparent 
that in putrefactive processes in the tissues, cholin may arise in relatively 
large quantity and, although not highly toxic when given by mouth, it 
may be exceedingly poisonous when allowed to come in contact with 
nervous tissue Thus, Donath®® observed severe tonic and clonic con- 
vulsions after cholin had been injected directly into the cortex oi under 
the dura This investigator offers the opinion that cholin may be respon- 
sible for epileptic convulsions — an opmion founded on the fact that he 
with other investigators^®’ has been able to demonstrate the presence 
of cholin in large quantities in the cerebrospinal fluid of epileptics and in 
other conditions associated with destruction of nervous tissue In accoi fi- 
ance with this idea, unsuccessful attempts®® have been made to demon- 
strate the presence in the blood of cholin in animals during the tetanic 
convulsions caused by complete lemoval of thyroids and parathyroids 
The lemoval of the glands has been shown to result in marked changes in 
certain areas of the nervous system,®®^ and it was assumed that these histo- 
logical changes were due to chemical reactions whereby cholin might be 
liberated and produce a secondary effect 

Chemically related to cholin is neurin, a substance easily formed fiom 
cholin by oxidation, which is neaily twenty times as toxic as the latter 
The possibility presents itself that neuiin may be formed from cholin 
within the oiganism under ceitain pathological conditions and ma> be 
responsible for some of the symptoms characteristic of certain abnormal 
conditions as salivation, vomiting, diaiihea and a specific action in caus- 
ing arrest of lespiration This formation of neurin within the oigamsm 
and any relationship which it may bear to deranged metabolism has nevei 
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been coiiolusnel} tlemonatratcd Tt lias been sho^\n, ]iowe\ei, that neuiin 
ma} be excieted, at nines at least, tbioiigh tlie mine 



cholin neurin 


These coinpound'^ togethei with imi'Caiin and betain, constitute one 
of the gioiipa ot the ptoinain^, so-called, and hence heretofoie hate been 
inreiC'ting chielly liucautc of then adtent into tlie oiganisni thiough the 
introduciion of decoinpo'ing tisaiie taken as food Xeteitheless, inas- 
inueli as tlict aine oiU'ide the bodt as a icaiilt of putiefactue piocc=:s, 
there iLinains open ihe pos^ibilii} that thot mat be toinied in the alimen- 
tai} canal oi in tn^iics eithei in a proce-^s of dcgenciation oi piitiefaction 
The old idea that theic la a haid-and-la'-c line to be diawn between plant 
alkaloids and animal poisons is lapidh di-appeaiing, and the fact that 
one toMC compound aa toi instance muscaiin, occuis as a lule m plant 
tisaiie docs not exclude the possibility ol the pic'cncc of the same bod\ as 
a rc':!!^ ot chemical leaetioiia within the animal oiganism The best 
lecognition of this disappeaiing demaication line is to bo found m the 
new' puldication b} AVintci stein and Tiioi/®^ wdieie all basic substances, 
whethei of animal oi plant oiigiii, are considoied as alkaloids 

From thia icmcw of ihe moie recently discoreied compounds which 
may arise within the bod\ by putielactive processes, one fact stands forth 
wntli striking clear nc'^s, namely, the possible functions wdirclr some of these 
substances may exert rn ph}siologrcal processes and then srgnrficance rn 
problems concerired wntlr disease We have seen that one compound resem- 
bles eprnephrrn, both structurally aird in physiological activity, while 
another stimulates the activity called loith by pilocarpin Epinephiin and 
pilocaipin are in daily use as drugs, the degree of whose activities may be 
regulated at wall The protein derivatives mentioned have practically 
similar actions but, as they aiise within tlie oiganism, can not be subjected 
to voluntaiy control It is likely that undei normal conditions, only 
small quantities ot these compounds may be thrown into the blood-stream 
and that theie is some nice adjustment of mechanism which mav have an 
influence on the fuither beneficial disposition of these bodies It is con- 
ceivable, however, that at times an undue quantity of such material may 
overwhelm the legulating mechanism to such a degree that substances 
which perhaps noimally aid in the maintenance of physiological rhythm 
may indeed become responsible for the advent of abnormal reactions 
The suggestion is therefoie offered that some of the disturbances asso 
dated with excessive intestinal putrefaction may have such an origin 
hypothesis of this sort readily furnishes an explanation for the va^ue y 
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defined headache and geneial malaise characteristic of the previousl}^ men- 
tioned pathological states 

DIAMINES 

Cystinuiia has been given a great deal of consideration by investiga- 
tois foi the excellent opportunity it afforded of elucidating some of the 
complex processes undeilying the piinciples of intermediary metabolism 
It has been and still is a matter of great unceitamty as to the origin 
and significance of cystin and the diamins, putiecin and cadaverin, which 
appear in the excietia of certain individuals The appearance of eystin 
has been the sub3ect of such widespread interest, and the results of study 
of cystinuria have been so extensive and are so well known that further 
discussion of tins subject in this place appears superfluous 

On the other hand, the diamins have not received so much attention 
The structure of these bases is as follows 


CHs CHa CHo CH^ 

Tetramethylendiamin 

Putiecm 


CHa CHs CHo CHa CH. 


NH. iIhj 

Pentamethylendiamin 
Cadaverin 


A third diamin, neuiidin or sapnn, is isomeric with cadaverin The 
diamins are eliminated, not only in the urine but also in the feces As 
has been stated previously, they are found usually associated with cystin, 
although the condition responsible for the appearance of cystin in the 
urine does not seem necessary for the condition of diaminuiia, for these 
substances have also been eliminated under certain other pathological 
conditions , principally, intestinal disturbances, as for instance, in various 
infections, in cholera,®® dysentery, gastro-enteritis,®* and from one case of 
pernicious anemia tetramethylendiamin was isolated The origin of 
these bodies appears to be in two diamino-acids that are pioducts of 
normal digestion 

Trom lysin, which has the following formula 

CHs CH« CH. CII. CH COOH 

CO, IS spilt off, forming cadaverin, with the following formula 


CII. CH aCII, CH. CH. 

INTHc NH. 

Putrecin is derived ultimately from aiginm, guanidin and amino 
valerianic acid Kossel and Dakin®® have demonstrated the existence ot 
an enzyme, arginase, in ceitain tissues of the body which is capa e o 
splitting argmin into urea and ornithin Thus 


CH. CH; CHs CH COOII 
' ' 

NH ^H. 

C-NH. 

JiH. 

Arg'inin 


CH. CH. CH; CH COOH 

r!n. 

Ornlthln 
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Fiom oinithin, tlie foimiila foi ^\l^ch is as fol]o\\s 

nr. crij C1I2 rri coon 

I I 

MI2 MI2 

COo IS split off foiming puticcm. the foimiila below 


cii- cn. cii. C112 

I I 

Nri. VII- 


In intestinal distuibanccs, ic i'^ piohable that these compounds aie the 
le^iilt of the bacteiial activih — indeed the}' inav be the metabolic piod- 
ucts eliminated b\ miciooigani-m^? In eystmmia, however, it is possible 
that a diffeient*^’’ explanation foi diaminnna is peitinent It may be 
assumed, foi instance, that 111 the beginning c\stinuiia and diammuiia 
aie brought about through a similai 01 indeed the same cause, or causes, 
for example, a giaduall} chaining tipe of metabolism induced bv some 
unknown agenc}, lesulting in an anomah of metabolism If the anomaly 
IS slight in chaiacter, cvstin alone is eliminated as a lesult, wheieas if the 
change in metabolism is sudlcienth pronounced diamins aie also excieted 
If this assumption is accepted, it i-s eas\ to explain win in some cases of 
cistmuria the diamiiia aie absent, and that giadually one or both ot these 
compounds disappeai, that c}stinuiia peisists, but that cystinuiia does 
not cease and leave diammuiia Thus fai all attempts to produce 
diaminuna expeiimentally ha\e been unsuccessful These bodies aie 
possessed of a ceitain inteiest, aside fiom then chemical significance in 
that, like iieaily all the amins, they aie moie 01 less toxic It has been 
demonstrated expeiimentally that the diamins may also exert an influ- 
ence on ceitain inteimediaiy piocesses Thus, accoiding to Pohl,®^ feed- 
ing diamins inhibits certain well-known piotective leactions which the 
oiganism is capable of putting foith, as foi instance, the foimation of 
glycuionates and the synthesis of hippuiic acid 

The toxicity of these compounds calls to mind the poisonous action 

NH2 

of anothei diarain, not found in the oiganism, namely, hydiazm,®* 

This substance i'’, howevei, veiy much moie toxic than the diamins just 
mentioned Its intioduction into the oiganism is followed by marked 
histological changes”® in vaiious tissues, especially in the liver In fact, 
the action of this substance is diiecled almost specifically on the liver, 
provoking fatty degeneration of that organ Only the cytoplasm of the 
cell IS attacked Although the livei is almost completely transforme 
under the influence of hydiazin, no noticeable change m nitrogenous 
intermediary metabolism can be demonstrated through a stud} 0 ^ 
urinary constituents 
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APOERHEGMAS 

In a recent communication Ackermann and Kutscher® have proposed 
a new designation for the transfoimation products of ammo-acids which 
are formed by life processes, whether in the animal or the vegetable 
kingdom The term employed for these bodies is “aporihegma ” It is 
mterestmg to note the number of such compounds which may arise from 
putrefaction alone The above-mentioned authors®- ® have given a list of 

these substances, together with the amino-aeids from which they are 
derived 


AMINO-ACID APOBRHEGJilA 

Iminazolylethylannn 
Immazolpropiome acid 
Ornithm 

retramethylendiamin 
Aminovalenanie acid 
Pentamethylendiamm 
Aminobutync acid 
Alanin 

Succinic acid 
Metliylaniin ( ’) 

Isoamvlamin 
Isovaleiianic acid 
PyiroJidin 
Plienylethylamin 
Phenylacetic acid 
Phenylpropionic acid 
0\ypiienyletliylainin 
Ovyplienylacetic acid 
Oxyphenylpropioiiic acid 
Indol 
Skatol 

Indolpropiomc acid 
Indolacetic acid 

SIETHTLATION IN THE OEGANISM 

Until the last year or two, methylation withm the organism was 
looked on as a reaction which occurred only rarely With the exception 
of the well-known examples of the methylation of tellurium®® and 
selenium, our knoivledge of this type of physiological activity was exceed- 
ingly limited Renewed interest in the process of methylation has been 
aroused by the recent mvestigations of Engeland,®’'^ who has demonstrated 
that complete methylation of most of the amino-acids derived from the 
protein molecule is fax from a difficult reaction The betains comprise 
all that group of bodies of the aliphatic senes which aie basic m character, 
thus, such compounds as the various amins, cholin, muscarm, urea, 
creatin, etc It is further probable that the wide-spread distribution of 
the bctains, both in the animal and vegetable kingdoms,, is to be explained 
solely by decomposition of protein Moreover, it has been suggested that 
all the betams which arise from amino-acids formed by decomposition of 
protein bear a relation to the so-called ^%lkaloids 


Histidin 

Argimn 


Lysin 

Glutaminie acid 
Aspaiagmic acid 

Glycocoll 

Leucm 

Pi olin 

Plienylalanin 


Tyrosin 


Tryptophan 
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A inetliylated amino-acid ^\as unknown in the animal kingdom until 
completely meth}lated gl}coeoll uas isolated in considerable quantity 
from eiab meat ® Accompanying metliyl glycocoll was found tiimetliyl- 
amm oxid 



CHj. COOH 



Methyl glycocoll 


Trimethylarain oxid 


Under normal conditions methylation of ammo-acids does not occui 
to any consideiable extent m the body of the i\aim-blooded animals, 
owmg probabl} to the fact that if sucli compounds are foimed, they aie 
at once oxidi/ed and serve as eneig3'’-producing material When abnormal 
conditions are induced, howe^ei, as in phosphorus poisoning, where, 
perhaps, oxidative processes are less acnve the appearance of methylated 
compounds may be observed Thus, tlie methylated gamma amino- 
butyiic acid has been isolated iccently fiom the mine of a dog poisoned 
with phosphoius This substance probabl} arises fiom glutaminic acid, 
being tiansformed into gamma amiiio-but3iic acid, then completely 
meth3lated and eliminated 


H 


coo 

CH. m 

I 

CHo 


2 , 




CIU 

I 

COOH 

Glutaminic acid 


r 


CHa.HHj 

I 

CH, 

CH^ > 

COOH 

amino- butyric 
acid 



coo 

methylated y amlno- 
butyrlc acid 


In plants and the lower animals methylated glycocoll is an ammo-aeid 
which is very widely distiibuted Glycocoll is exceedingly resistant to 
decomposition by putrefaction, as was long ago demonstrated by Uencki 
It IS the only amino-acid which appears regularly in the urine, in the 
form of hippuiic acid It is found m its mono-methylated form as 
sarcosm combined with the guanidin residue, or modified urea rest, 
forming cieatin of the muscle or creatimn of the mine of the higher 
animals 


NHa 

(Iho 

(ioOH 

Glycocoll 


NH CHa 

1 

NHa 

NH ( 

c!-nh 

C-NH 

CHo 

1 

1 

1 

HaC-N 

HaC-N ( 

COOH 

Cieatlnin 

Methyl 

(ilHa 


glycocoll 

toOH 

Creatin 




Gi eatin and Ci eaUmn — ^At present, perhaps the most interestmg 

example of methylation may be found in the origin of the creatin of 
muscle and the creatimn of the urine The exact significance of these 
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compounds is exceedingly obscuie It is known, foi example, that undei 
physiological conditions cieatin is absent from the mine and that creatinin 
elimination is practically constant for a given mdmdual This elimina- 
tion, however, is difleient foi different individuals, but beais no relation 
to the volume of the mine oi the total nitiogen excieted Trom a long 
senes of investigations, it has been concluded that creatinin is an index 
to some special form --of normal metabolism, as yet unknown, but 
undoubtedly connected with pioeesses concerned with muscle tissue 
There is apparently a somewhat close relationship between muscle 
efficiency and creatinin elimination Creatinin excretion vanes greatly 
under abnormal conditions, being increased in feveis and diminished in 
a large numbei of other pathological states Partieulaiiy striking is the 
diminution in excietion in abnoimal metabolism of muscle tissue and of 
the liver 

Oidinarily, eieatin is absent fiom the urine, but may be present in 
large quantities undei certain pathological conditions, especially those 
associated with inanition, depression of liver function, oi an abnoimal 
state of muscle The appearance of cieatin in the urine under tliese 
cii cumstances might lead one to infer, by analog)^ with the presence of 
the betain of ammo-butyric acid noted previously, that when abnormal 
pioeesses aie in order, certain chemical reactions are held in abeyance 
resulting in the elimination of cieatin as an incompletely disintegrated 
intermediary product From the most recent investigations-- coneernmg 
creatin and cieatmin, it appeals likely that there is an intimate relation- 
ship between these substances and carbohydrate metabolism^ although, 
at piesent, this relationship is not moie than a meie indication For 
example, cieatin is present m the urine during fasting both in man and 
animals Administration of carbohydrate under these cii cumstances 
causes the rapid disappearance of uiinary cieatin It has also been 
suggested that one function of creatin being a base, is to sei\e as an 
alkali in the muscle to neutralize lactic acid which arises as a result of 
muscle activity^® Future investigations will, undoubtedly, reveal the 
significance of the inteirelation of creatin, creatinin, muscle and caibo- 
liydrate and if the prophecy of Folin, uttered a few years ago before the 
Harvey societ}^, comes true, the unraveling of this mysteiy will mean 
much in the domain of pathology 

THE PBOXEOSES 

Since the classic experiments of Schmidt-Muhlheim,®® the behavioi 
of the proteoses when injected into the blood stream has occupied the 
attention of a long series of investigators, the aim of whom has been to 
explain the significance of the reactions induced It had been assumed 
for years previous to recent times that when proteoses weie formed in 
digestion, they weie absorbed into the portal vein, earned to the liver 
and there were detoxicated As a matter of fact, it was also disco verec 
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that pioteoses intioduccd mto the poital vein weie incapable of pioiokiug 
the topical effects induced b} injection into the systemic ciiculation^ an 
observation in entiie accoid Mith tlie then cuiient views legaidiiig tlie 
piocesses of digestion and absoiption 

Eenevved activity diieeted towaid the solution of the piobleni con- 
ceiniug the noiiiial piesence of proteoses in the blood was awakened by 
the more recent investigatioiis liaviug to do with the degiadation of the 
piotein molecule in the enteiic tiaet Accoiding to one school, pioteoses 
aie absoibed into the blood, thus casting doubt on the pievalent idea that 
pioteoses aie bioken into then simplest cleavage pioducts, which aie 
absorbed, and then fuithei worked ovei into the needlul compounds 
Opposed to this theoiy is the school that is unable to find anv evidence of 
pioteoses in the blood iioimall}’^ Amid these conflicting views and 
observations, the appaient consensus of opinion is that pioteoses aie 
absent fiom the blood undei noimal conditions^® Hence, when these 
substances aie iiitioduced into the blood-stieam, they act a& poisons 
calling foith ccitain chaiacteiistic icactions, fcvei, fall ol piessuie, 
changes in lespiiation, incieased flow of lymph, saliva, and othei secie- 
tions, but causing a =oniewhat pioloiiged amnia Theie has been con- 
siderable contiovei^} as to whethei piue pioteoses aie ieall> toxic All 
the oldei obseivations weio subjected to seveie ciiticisms bj Pick and 
Spiro®® who maintained that pioteoses as such aie non-toxic and that 
the toMC piinciple is meiely an adheiing contamination, deiived tiom 
the animal enzymes cmplojed in the piepaiation ol the pioteoses 
Accoiding to these authois, this substance, peptozyme, can be lendeied 
non-toMC by subjecting the pioteoses to a ceitain chemical tieatment 
Latei observations,®® howevei, have demonstrated that this conclusion 
IS eiioneous, since pioteoses piepaied fiom the action of vegetable 
enzymes on vegetable pioteins and also naturally occmi mg vegetablr 
pioteoses induce the same tiam of symptoms as pioteoses made fiom 
animal piotems and enzymes Moieovei, cleavage of pioteoses beyond the 
biuret-yielding stage does not pioduce any symptoms Fiom the obsei- 
vations of Popielski, it IS concluded that the substance lesponsible foi 
the so-called pioteose action may be lemoved in laige measuie b) tieat- 
nient with alcohol This compound has been designated vasodilatin and, 
according to Popielski,®- is not piotein in natuie The fact, howevei, 
that this investigatoi has not succeeded in sepaiating the vasodilatin 
fiom proteoses, together with the well-known fact that a poition of the 
proteoses are soluble in alcohol, militate against the coriectness of the 
view that the proteoses action is separable from these bodies On the othei 
hand, it has been suggested®® that a portion of the reactions piovmked 
by ^^peptone” may be induced by the presence in the ^^peptone” of beta 
iminazolylethylamin which is capable of calling foith symptoms in nearly 
every respect similar to those produced by the ^^peptone ” The single 
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exception noted is that beta uninazolylethylamin does not render the 
blood non-coagulable, which is distinctly chaiacteiistic for ‘"peptone” 

In our laboratory the observation has been made recently that the 
intravenous injection of proteoses produces a significant glycosuria 
Coincident with the appearance of sugar in the urme, there is a marked 
hyperglycemia The cause and possible significance of this reaction is 
being investigated It appears a httle strange that^ of the long senes of 
investigations carried out with the proteose injections, in not a single 
instance is there a recorded observation indicating glycosuria When 
proteoses are injected into the blood-stream, the major portion of these 
compounds promptly reappears in the urine, although there is some 
evidence that they may be partially transformed into smaller molecules 
Albumosuria, so-called, is indicative of the formation of proteoses within 
the organism and is considered of importance in diagnosis Thus, 
albumosuria may be observed in suppuration of all kinds, resolution of 
pneumonia, involution of the uterus, carcinoma, atrophy, eclampsia, 
leukemia, absorption of simple and inflammatory exudates, febrile 
conditions with destruction of tissue, and ulcerating pulmonary 
tuberculosis 

It is possible, and indeed may be probable, that the proteoses formed 
withm the body and thrown mto the blood-stream may be responsible for 
some of the sjnnptoms which are characteristic of some of the abnormal 
conditions cited The fact that these substances are fairly toxic is almost 
evidence for the possibility just indicated The significance of these 
compounds, both in physiology and pathology, warrants further investi- 
gation of the cause of the symptoms induced It is hardly probable that 
any one specific group in these complex polypeptids is responsible for all 
the reactions noted and future study will undoubtedly demonstiate the 
presence of several distinct entities which specifically call forth certam 
symptoms 

The modern conception of the living cell makes enzymes responsible 
for the numerous types of known activities, thus we speak of enzymes 
facilitating reduction, oxidation, deamination, cleavage, etc One organ 
is found to contain enzymes active to a high degree in one direction, 
another organ m another direction, and still a third organ which may 
furnish an almost unlimited numbei of enzymes capable of performmg 
varied types of reactions Ordinarily when enzymes aie mentioned, one 
thinks involuntarily of the best-known agents, the digestive ferments 
Our ideas concerning the exact mode of action of the enzymes that 
undoubtedly play an important role in intermediary metabolism aie not 
well defined It is probably, however, not an unwari anted position to 
assume that the seveial types of reactions discussed in previous portions 
of this paper have enzyme activity as their basis 

With the acceptance of enzyme activity as the foundation of cellular 
chemical activity, hence, mtermediary processes, it is easy to conceive 
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lio\\ the induction of abnoiinal enviionment for these agents may lead to 
the piodnction of distinctly pathological phases of metabolism tvith 
consequent in]uiy to the whole physiological economy In our endeavoi 
to disco\ei the leason, oi the cause, foi abnoimal metabolism we have 
been led into the eiioi of looking foi changes of too gieat magnitude 
Enzymes aie exceediugl}’ sensitue to all soits of changes in enviionraental 
conditions Too much acid, oi too little, lack of the lequisite moiganie 
salts, peihaps absence of caiboh}drate — that gioup of substances vaguely 
designated as co-cn/}nies — nun letaid or hold m abeyance ceitain types 
of reaction the eftccts of which, o\ci a consideiable peiiod of time, woik 
in]ury to other t}pes of en/3me3 until finally a laige numbei of piocesses 
may be earned out only impeifecily Peihaps one of the best examples 
of the point undei discussion ma^ be taken fiom the recent woik of 
B}wateis,-“ wlio found that the in\ citing powei of an aqueous extract of 
>east IS increased ten- to fifteen-fold by the addition of acetic acid On 
the othei hand, this activity given by acid addition is susceptible of 
lemoval b} alkalies, which subsequent addition of acid is capable of 
counteracting Undei one form of enviionment the powder disappears 
and when changed to another the pow’er rs restored 

With data of this type at hand, is one unwarranted in suggesting the 
probability that pathological metabolism of various types may be the 
direct result of changed environmental conditions of inti acellidai 
enz3TOe3^ I bche\e that such a view'point will do much toward a solution 
of many problems conccining metabolism both from the standpoint of 
physiology and pathology, the dividing line of which is exceedingly 
narrow 

The advances of the future are to be made, I believe, by a careful 
study of small changes, details wdiich at fast thought peihaps appear 
insignificant but if follow^ed will lead to fai-ieaching results One of the 
best examples that can be cited in this connection may be taken from a 
recent paper on ‘‘The Influence oi Alcohol on fSTitiogenous Metabolism” 
by Mendel and Ililditch As a result of their study, the authors 
conclude that “the most significant impression, perhaps, which the 
analytical data afford, is the absence of pi onounced alterations indicative 
of markedly disturbed protein metabolism” Emphasis on the words 
“absence of pi onounced alteration” shows an entire appreciation of the 
presence of small differences In this paitieulai case, the organism was 
capable of using certain doses of alcohol to its distinct advantage, 
beyond this limit changes in purin output weie observed The cellular 
mechanism was altered in such a manner that certain types of processes 
were changed in a measure, the extent of the change being indicated by 
the altered purin output The changed output was not large, but wao i 
not ]ust as good an indication of deranged metabolism as if the change 
had been twice as greats If the view suggested is correct, then e p 
of future advances along the line of intermediary metabolism les 
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appreciation of the significance of small difEeiences and changes in the 
environmental conditions of the cell 

445 Orange Street 
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STUDIES ON WATEE-DEIUKIUG 

VI THE ACTIVITY OF THE PAHCEEATIO ECNCTIOH TJHDER THE INELUENCE 
OE COPIOUS AND MODERATE WATER-DRINKING WITH MEALS ^ 

P B HAWK, Ph D 

TIBBANA, nx 

Uunieious tosts are m vogue clinically for the determination of the 
functional activity of the pancreas The best Icnown of these aie the 
glutoid test of Sahli,2 the nuclei test of Schmidt/ and the Cammidge^ 
reaction, the last mentioned test having been rather more fieely criticized 
than either of the otheis Comparatively recently, clinicians have come 
to a fullei realization of the aid which a knowledge of the pancreatic 
enzyme concentration of the feces may give them in then diagnosis of 
panel ea tic insufficiency The accurate determination of the enzyme 
content of the feces under normal or pathological conditions is still, how- 
ever, a line of medical reseaich which has not been very geneially investi- 
gated Some of the investigators who have recently contributed to oui 
knowledge in this direction either by suggestions as to method or by the 
collection of cluneal data are Muller,® Wohlgemuth,® Wynhausen,'^ Boldy- 
refi,® Abderhalden and Sehittenhelm,® Schlecht,^® Goldschmidt,^^ Vol- 
hard,^“ Ury,^® Eiank and Schittenhelm One of the first enzymes to be 

"Froiii the Laboiatoiy of Physiological Chemistry of the University of 
Illinois 

1 For previous papeis in this series of studies see, I Hawk Umv Penn 
Med Bull, 1905, xviii, 7, II Fowler and Hawk Jour Exper Med, 1910, xii, 
388, III Rulon and Hawk Jour Am Chem Soc , 1910, xxxii, 168(3, IV Eulon 
and Hawk The Archives Int Med, 1911, vii, 536, V Hattrem and Hawk 
The Archives Int Med 1911, vii, 010 

2 Sahli Deutsch Arch f klin Med, 1898, p 61 

3 Schmidt Deutsch med Wchnschr, 1899, No 45 

4 Cammidge Pioc Roy Soc, London (B), 1909, Ivxxi, 372, also Proc 
Roy Soc Med , iii, 164 

5 Muller Arch f klin Med , 1908 

6 Wohlgemuth Berl klin Wchnschr , 1910, xlvii, 92 

7 Wynhausen Berl klm Wchnschr , 1909, xlvi, 1406 

8 Boldyreff Arch f d ges Physiol (Pflugers), 1905, cvxi, 13 

9 Abderhalden and Schittenhelm Ztschr f physiol Chem , 1909, lix, 230 

10 Schlecht Munchen med Wchnschr, 1908, Iv, 725 

11 Goldschmidt Deutsch med Wclmsclir, 1909, No 12 

12 Volhard Munchen med Wchnschr, 1908, liv, 403 

13 Ury Biochem Ztschr, 1909, xxm, 153 

14 Frank and Schittenhelm Ztschr f exper Path u Therap , 1910, viii, 
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detected m the feces N\as paiicicatic amylase Tins enzyn^C;, as eaily as 
1S75, was shown by Wcgtclieidei^^ lo be 2 )iesent iii tlie feces of the 
nursling This finding was latei teiified h} von Jaksch/® Moio^^ and 
Allaiia Accoiding to this last-mentioned imcstigator the manner of 
feeding the infant, i e, natuially oi aitilicially, liad no influence on the 
aiu}lase concentiation of the feces Stiasbuigei^'-^ found this same 
condition to hold foi the stools of adults 

DLsciurnox or LxiTJimrxTs 

Three c\ 2 ienments were made, in each of which noimal men (E and 
W) seued as sulijccts, the same man sening as subject in Experiments 
2 and 3 Each expeiiment was divided into thiec peiiods, a fo/e period 
duiiiig w'hich the subject was bioiight into intiogcn equilibiium thiough 
the ingestion of a diet iinifoiin as to quality and quantity fiom day to 
da}, a uafo peiiod duiiug whicli the lation was supplemented by the 
drinking of additional w’atei at incal-time, and fmall} an aflei peiiod m 
which the fo/e pcnod lation of low w’atci content was again fed The 
constituents of the diet apait fioni the watei were giahain ciackers, buttei, 
milk and peanut butter The diet of Subject W in Expeiiment 1 con- 
tained So 8 gm of piotein pei day wdieieas that of Subject E m Expeii- 
ments 2 and 3 contained 93 3 gm of piotcm per day Duiing the fo/e 
and afk/ peiiods of each expeiiment 100 c c ot w'atei, in addition to the 
watei content of the milk, w'as taken by each subject at each meal In the 
waic/ peiiods of Expciiments 1 and 2, oOO c c of watei abme that previ- 
ously ingested weie taken with each meal, wheieas in Expeiiment 3 this 
volume W'as incieased to 1% litcis 

Each individual stool w'as examined in the fiesh condition The feces 
of one period weie separated fiom those of the next by means of chaicoal, 
the mateiial being ingested m gelatin capsules at the beginning of the 
fiist meal of each new' peiiod 

The method used in the quantitative deteimination of the activity of 
the pancieatic function w'as that suggested by Wohlgemuth “ This authoi 
consideis that the extent to which pancieatic amylase ajipears m the feces 
may be taken as an index of the activity of the pancieatic function He 
therefore suggests a pioceduie foi the quantitative deteimination of the 
amylolytic powei of sodium cliloiid extracts of the fresh feces His 
proceduie lias been fully discussed by us in another connection and a 
modification of the Wohlgemuth method pioposed In the expeiiments 

15 Wegscheider Inaug Diss , Strassburg, 1875 

16 Von Jakscb Ztsclir f physiol Chem , 1888, xii, 116 

17 Moro Jalnb f Kinderh , 1898, xlvii, 342 

18 Allaria Progresso Med, 1905 

19 Strasburgei Arch klin Med , 1900, Kvii, 238 and 531 

20 Hawk The Akciiives Int Med , to be published 
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embraced in the present paper, liowevei, the piocedure used by us was 
essentially that of Wohlgemuth except that the final amylolytic values of 
the stools were calculated in terms of dry mattei instead of on the basis 
of the moist sediment seemed by centrifugation as Wohlgemuth suggests 
In Older to demonstrate conclusively the origin of the fecal amylase 
Wohlgemuth® has made certain interesting tests In these tests it was 
demonstrated that the ligation of the pancreatic ducts of dogs caused the 
feces as passed to be amylase-fxee or to contain at the most a minimal 
quantity of the enzyme Wynhausen-^ has likewise found a much- 
decreased amylase output in cases with partial closure of the pancreatic 
duct 

Table 1 — Fecal Amylase, E\PEriMFLT 1, Subject W, Moderate Wateb DHI^KI^G 


TORE PERIOD SIX DAAS 




Feces - 


Amylolytic Value — 1% Staich 

Stool 

Flesh 

Diy 

Total 

Per Gram Dry 

No 


(grams) 

(giams) 

(liters) 

Mattel (c c ) 

1 


02 S 

161 

11 4 

709 

2 


98 8 

26 4 

10 8 

409 

3 


109 8 

30 2 

IS 1 

600 

4 


185 8 

14 8 

26 3 

587 

5 


41 8 

13 1 

67 

513 

0 


104 0 

25 5 

20 9 

819 

7 


24 0 

79 

33 

416 

Aveiage pei 

day 

104 6 

27 3 

16 3 

597 




WATER I'ERIOD TEN DATS 





(1,500 cc HoO daily) 



8 


31 6 

76 

76 

1,000 

9 


147 5 

40 6 

34 9 

860 

10 


75 4 

19 8 

171 

865 

11 


144 8 

39 8 

27 3 

688 

12 


63 9 

17 2 

14 6 

848 

13 


115 5 

31 3 

02 2 

709 

14 


26 0 

72 

~4 0 

548 

15 


169 0 

44 8 

32 5 

725 

16 


127 0 

30 9 

44 7 

1,447 

17 


152 7 

35 5 

110 3 

3 106 

Aveiage pei 

day 

105 3 

27 5 

31 5 

1,145 




UTFR PERIOD 



18 


60 0 

14 8 

14 6 

983 

19 


119 6 

28 0 

29 4 

1,052 

20 


51 1 

14 1 

20 8 

1,477 

21 


142 7 

35 8 

41 1 

1,147 

22 


81 4 

22 8 

15 0 

657 

23 


53 4 

16 4 

19 1 

1,162 

Average per 

day 

101 6 

26 3 

28 0 

1,063 



DISCUSSION OF RESULTS 



1 Moderate Watei-Di inking — ^Data from the fiist experiment raa\ be 


found m Table 1 The subject of this experiment was W and the purpose 
was the study of the influence of moderate watei-drinkmg with meals 
on the activity of the pancreatic function After a foie period of six 
days on a uniform diet, as already mentioned, the subject was found to be 
in nitrogen equilibrium as was shown by a nitrogen balance of 0 01 -f- 
gm The average daily output of fiesh feces was 104 6 gm , lepiesenting 
a dry matter content of 27 3 gm per day during this period *- The total 

21 Wynhausen Berl klin Wchnschi , 1909, No 30 ij. ij 

22 The data for fresh and dry feces were obtained by Dr H A Xiattill in 
connection with another lesearch which has already been repoited See Mattill 
and Haivk Proe Soc Biol Chem , 1911 
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aimloI}tic ^allle of the btools pei dju, expiessed in liteis of 1 pei cent 
starch solution uhich this feces would h}dioh/e under the conditions of 
the ^^ohIgenul^h method wiiii IG 3 liters Placed on the basis of ‘^1 gm 
of di} feces” wo see by an examination of the data that the aveiage dailv 
annlol}t]c ^alue ioi this peiiod was lepiC'entcd b^ of)7 ec of 1 pei cent 
staich solution 

Fndei the influence of the 500 ce of watei ingested at each meal foi 
a peiiod of ten da^s there was a maikcd inciease in the amylol>tic powei 
of the feces Foi example, the data from the fiut stool ot this peiiod 
indicate that the am>lol}tic \alue wa^ 1.000 c c of 1 pei cent staich 
solution per giam of dr> feces This initial \ahie ol llie peiiod was iai 
abo\e that for an\ indixidual stool of the foie peiiod and ncailv double 
that of the daili aieiage iun\lol>tic xaliie (j97 cc ) foi the entiie foie 
period If the data fiom tlic anahsis of the stools which weie subse- 
queiith dropped during tills ihaia peiiod aie examined it will he seen 
rliat tlie amylohtic tallies foi these stools, with a single exception 
(Xo li), weie aho\e the aterage value foi the foie period It will 
fiirtheimoie be obseued that tlie ateiago ainvlohtic value foi the w^atei 
peiiod, 1 e , 1.1 15, was appioximateh tw ice as great as the avoiago amylo- 
htic talue for tlie foie peiiod In othei woids the dunking of 1,500 ce 
oi waiter pei dax, at meal time thiougli a peiiod of ten davs, w^as mstiu- 
mental in causing a Mitual doubling of the amxlol}tic activih of the fecal 
in.ittei excieted during that peiiod as compaied wuth the fecal output of 
the tore peiiod duiing whicli minimal amounts of w^atei w^eie daily 
ingested 

The significance of this finding of an inci eased amylolytic powei is 
fiuthei accentuated when the data liom the aCtei peiiod aie examined 
Xotwitlistanding tlie tact that the W'atei ingestion of this peiiod was 
1 educed to the low level of the foie peiiod the stools as dioppea weie on 
a much highei amylolytic plane than xveie those of the fore peiiod This 
fact is clearly bi ought out when it is noted that the coiiespondmg values 
ioi the fore and aftei periods weie 597 and 1,065 lespectively We thus 
see that the stimulation of the factois wdiich bi ought about the increased 
amylolytic pow'ei of the fecal output of the w'atei period was not transi- 
toiy in charactei In othei woids the influence of the watei was not 
limited to the time of its ingestion, but the factois leading to an inci eased 
fecal amylolytic value were so stimulated by the ingestion of the excess 
watei as to continue their efficiency even aftei the water ration had been 
again reduced to that of the fore peiiod Whether this pronounced 
inciease in amylolytic power observed to accompany and follow the inges 
tion of additional volumes of water at meal time may be properly inter 
pieted as indicative of an increased activit}^ of the pancreatic function is 
discussed in a later paiagiaph 
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In the second expeiiment on the influence of moderate water drinking 
(Experiment S) E served as subject All conditions were the same as 
those in force in the similar expeiiment on W with the exception that the 
unifoim diet was vaiied in a mmor manner from that ingested by W 
The data obtamed from the fecal examinations of this experiment are 
tabulated in Table 2 In this instance approximate nitrogen equilibiium 
was secured in seven days, the nitrogen balance showing a plus value of 
0 485 gm pel daj'’ A ten-day water period then followed during which 
500 c c of water were ingested with each meal in addition to the uniform 
water ingestion of the foie peiiod The expeiiment ended with a four- 
day after period 


Table 2 — Fecal Amalasb, Expduiment 2, Subject E, Moderate Water Dbinkiaq 


FORE PERIOD — SEVE^ DAYS 



Feces 


Amylolytic Value — 1 % Starch 

stool 

Piesh 

Dry 

Total 

Per Giam Dry 

No 

(grams) 

(grams) 

(liters) 

Mattel (c c ) 

1 

88 4 

18 4 

63 

343 

2 

30 2 

80 

39 

491 

3 

179 2 

41 2 

14 0 

341 

4 

193 9 

47 8 

11 3 

237 

5 

76 0 

201 

3 7 

184 

6 

207 7 

47 3 

16 3 

345 

7 

124 6 

27 8 

15 3 

548 

8 

44 0 

12 9 

0 2 

171 

per day 

135 0 

32 0 

10 4 

325 


9 76 5 

10 140 9 

11 63 8 

12 169 0 

13 247 5 

14 135 3 

15 192 4 

16 79 2 

17 55 9 

18 173 5 

19 51 5 

Average per day 138 6 


WATER PERIOD — ^TEN DAIS 

(1,500 c c HoO daily) 


17 5 

73 

29 4 

31 6 

18 6 

2 3 

41 1 

16 1 

47 5 

121 

311 

62 

37 7 

19 7 

19 5 

15 6 

15 2 

93 

43 2 

27 5 

14 4 

92 

315 

15 7 


after period FOUR DAYS 


20 

67 3 

15 9 

14 0 

21 

117 8 

30 7 

19 9 

02 

147 7 

34 3 

21 8 

23 

145 9 

38 7 

25 8 

24 

31 2 

98 

9 4 

per day 

127 5 

32 3 

22 7 


418 

1,075 

124 

393 

255 

198 

522 


SOI 

613 

636 

642 

498 


878 

649 

637 

667 

961 

703 


During the prelimmary interval of low water ingestion coveied by 
the fore period the average daily total amyloljdic value of the feces was 
equivalent to 10 4 liters of 1 per cent starch solution Placed on a dry- 
matter iasis we find that the amylolytin value of the feces of this period 
may be represented by 325 c c of 1 per cent starch solution per gram of 
dry matter If we now examine the data for the peiiod during which the 
extra volume of water was ingested we find that the conditions are 
similar to those already discussed in connection with the experiment in 
which W served as subject In other words, water caused an increase in 
the amylolytic value of the feces The average total daily amylolytic 
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value foi the uatei peiiod was 15 7 as against 10 4 foi the foie peiiod 
wheieas the value on the diy matter basis was 498 as compared with a 
value of 325 for the pieliminaiy inteival 

The influence of the raodeiate water-drinlcing in causing an inciease 
in the amylolytic pouer of the feces was much less pionounced with B 
than uith W This statement is borne out by the obseivation that there 
was an meiease of nearly 100 pei cent m the ease of W as against an 
increase of little moie than 50 pel cent in the case of E ITowevei, when 
ue examine the data for the after peiiods of the two experiments in 
question, we note that the amylol 3 tic value in E^s expeiiment was above 
that of the uatei peiiod, wheieas in W’s expeiiment this value was 
slightly louei than that of the watei peiiod By ealculation we see that 
the amylolytic ^alue toi the aftei peiiod of the test on W was increased 
only SO pel cent abo^e that of the foie peiiod wheieas the inciease in the 
test on E was about 120 per cent It w'ould seem, theiefoie, that the 
watei caused a moie pionounced immediate stimulation in the case of 
W than m that of E but that the influence of the stimulation wxas more 
persistent in the case of E than in that of W 


TADLL 3 riCAL VMiLVSl, LWl I IMl M 3, SUUJI CT C, COPIOUS W VTLIt DuiMci\a 




lOPI PimOD — SI\ DliS 



Teces - 


Vm\lolytlc Value — IVo Starch 

Sitool 

Fresh 

Dry 

Total 

Per Giam Diy 

Xo 

(grama) 

(grama) 

(llteia) 

Matter (c c ) 

1 

15 I: 

10 2 

38 

375 


GO 0 

188 

8 G 

158 

3 

OQO O 

19 8 

210 

473 

i 

129 2 

32 2 

110 

IGl 

o 

101 3 

lie 

8 8 

230 

G 

171 8 

38 S 

15 8 

40G 

7 

31 G 

9 1 

1 2 

448 

Average per daj 

133 1 

32 3 

13 3 

112 



WAfEH 1‘EKIOD PIVE 

D\.VS 




(1,000 cc HnO dally) 


S 

90 3 

18 2 

10 5 

578 

') 

37 2 

10 2 

8 3 

810 

10 

210-1 

58 8 

2G5 

451 

11 

71 7 

19 9 

Cl 

306 

12 

258 0 

38 2 

312 3 

8,9G1 

13 

52 0 

15 9 

78 

491 

Aveiagc pei day 

152 5 

32 2 

SO 3 

2,494 



AFTLU PERIOD THREE 

DAAS 


11 

128 3 

29 C 

12 3 

414 

15 

80 1 

21 0 

15 G 

743 

IG 

20G 5 

44 5 

25 0 

561 

17 

50 0 

5 G 

7 0 

1,257 

Average per day 

157 3 

33 G 

20 0 

595 


2 Go])wus Watei-Dimlung — The amylolytic powei of the feces was 
studied m but one expeiiment m which copious water diinlang was prac- 
ticed at meal time In this experiment (3) B served as subject All the 
expel imental conditions were similar to those in force with this same 
subject in the second experiment on moderate water drinking In a fore 
period covering an interval of six days a very satisfactoiy balance for 
income and outgo of nitrogen was obtained, the data mdicatmg a plus 
balance of only 0 03 gm The data fiom this experiment are given in 
Table 3 An examination of that table will show, in the first place, that 
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the aveiage total daily aniylol 3 ftic value for the fore peiiod was 13 3, 
whereas the amylolytic value on a dry matter basis was 412 These values 
simply mean, as heretofore explained, that the average output of feces 
pel day during the six-day fore peiiod possessed the powei to hydrolyze 
13 3 liters of 1 pei cent staich solution, whereas 1 gm of dry feces 
possessed the power of transforming 412 c e of such a starch solution 

The water peiiod of this expeiiment was five days in duration as 
against the ten-day periods utilized m the expeiiments alieady discussed 
However, the daily ingestion of water was much highei in this instance 
than in either of the afoie mentioned studies In the moderate water- 
di inking tests we caused the subjects to ingest 500 c e additional at each 
meal or a total daily ingestion of 1,500 e c in excess of that customarily 
taken In certain other water-drinking studies made by us (Fowler and 
Hawk^, Mattill and Hawk--, also Wills and Hawk, unpublished), in 
which the influence of copious amounts of water was under investigation, 
the total volume of water added daily to the normal ration had been 
3,000 c c However, in the present investigation we were dealing with a 
subject, E, who was accustomed to drinking rather larger volumes of 
water than individuals ordinarily ingest and for this leason his water 
lation was fixed at 4,000 cc per day during the water period in an 
attempt to place the daily volume at such a figure as should be copious 
foi his organism He felt no personal discomfort at any time during the 
period in which this excessive amount of water was being daily intioduced 
into Ins system 

Under the influence of copious water-drinking through a five-day 
period, the amylolytic activity of E’s feces was increased in an extremely 
emphatic manner Particularly was this tiue of Stool 12, passed on the 
fourth day of the period Expressing the amylolytic values in the same 
manner as heretofore followed we find that the average amylolytic power 
of the feces was equivalent to a force sufficient to hydiolyze 80 3 liters of 
1 per cent starch solution Furtheimore, if we transfer the comparison 
to the dry-matter basis we learn that 1 gram of dry matter represents 
sufficient amyloljrtic activity to hydrolyze 2,494 c e of 1 per cent starch 
solution When we compare these volumes with those obtained during 
the fore period we are astounded at the veiy material increase in the 
amylolj'tic activity which has taken place under the influence of the 
copious water-drmkmg For example, if we consider the dry-matter basis 
we see that the amylolytic value has increased from 412 to 2,494, a most 
sui prising increase of more than 600 per cent in the amylolytic activity 
The question as to the propei interpietation of this finding, m so fai as 
it relates to the functional activity of the pancreas, is discussed later on 
In this experiment for the first time, we obseived an amylolytic value for 
the after period which was lower than that of the uatei period Evi- 
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den% the stimulation of tlie copious watei -drinking uas so pronounced 
m character in this paiticulai instance as to lather militate against any 
fuithei added stimulation aftei the oiganism was leleased fiom the imme- 
diate mlluence of the uater ingestion That the influence of the water 
extended sonieuhat be}ond the time mteival duiing which it was actually 
being uigested is gatheied fioni the lecorded aveiage amylolytic values 
foi the aftei peiiod These values are neaily 4o pei cent above those of 
the foie peiiod thus indicating an aftei effect which persisted foi a time, 
at least, aftei the peiiod of liigli vater intake had closed 

INTERrilLTATION* 01’ I’lNDIXCS 

The foiegoing discus«ion of the vaiious experiments embraced in this 
stud} has indicated cleaily that when eithei small oi large volumes of 
watei above those customaiilj ingested weie taken at meal time that the 
resultant fecal mattei possessed gieatei amylolytic activity than did the 
feces passed duiing peiiods in which these extra volumes of water weie 
not taken How is this finding to be inteipieted^ It has been estab- 
lished that an inciease in tlie activit} of ilie pancieatic function will be 
indicated by the appeaiance of an added excietion of pancieatic amylase 
in the feces This fact would of itself cause the feces m question to 
possess an inei eased powei to h}diolyse starch solution On such a basis 
Wohlgemuth has suggested a method foi the quantitative deteimination 
of the amylolytic powei of the feces This power, accoiding to Wohlge- 
muth, IS due entiiely to the ability of dilute solutions of the fecal amylase 
to tianstorm staich into substances which no longer give a blue color 
with lodm From this point of view, theiefore, we may inteipret our 
results as indicating that the pancieatic function has been gieatly stimu- 
lated undei the influence of the water-di inking at meal-time and that 
consequently laigei quantities of pancreatic amylase are present in the 
feces passed during the watei peiiod, thus giving to the fecal matter a 
higher amylolytic pouei than that possessed by stools dropped during 
previous periods in which the watei ingestion was minimal 

We began our investigation undei the impression that Wohlgemuth’s 
method would furnish us with accurate data, and nothing occurred in the 
course of the experiments to cast any doubt on the validity of Wohlge- 
muth’s claim until an examination was made of the final stool (17) m 
the water period of Experiment 1 Here for the first time in the course 
of our studies the entire senes of seven tubes of 1 per cent starch solution 
showed complete digestion As soon as this fact was determined another 
senes of ten tubes was prepared and again the entire series was com- 
pletely digested Hot caring to rely on data obtained from further 
extracts because of the possibility of changes having taken place in the 
feces, we examined no further senes A similar observation was made in 
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connection with. Stool 13 in Experiment 3 In our search as to the cause 
of this surprisingly pronounced increase in the amylolytic activity of the 
stools mentioned, we obseived that they each possessed a very pronounced 
acid reaction We were familiar with the findings of Chittenden and 
Griswold,-^ which weie later confirmed by Veinon-^ to the effect that 
amylase (salivaiy) is inactive in the presence of 0 009 per cent hydro- 
chloric acid At the same time we were familiar with the furthei fact 
that it requires an acid concentration much above 0 009 per cent hydro- 
chloric acid to hydrolyze 1 per cent starch solutions under the conditions 
of our experiment Eurtheimoie, in the experiments of Veinon to which 
refeience has already been made, as well as in others by Schierbeck,-^ it 
has been demonstrated that certain proper acid concentrations below 0 009 
per cent hj'^drochloric acid will facilitate the activity of amylase This 
powei was shown to be possessed by organic acids as well as by inorganic 
acids In the case of hydrochloiie acid a concentration of 0 004 per cent 
was found to cause an increase of 400 pei cent m the amylolytic power 
of the enzyme, whereas 0 0083 pei cent lactic acid increased the araylo- 
lysis nearly 500 per cent 

In light of the above findings, we might interpiet the fivefold increase 
in the amylolytic power of acid Stool 17 of Experiment 1 and the sixfold 
increase m the amylolytic power of acid Stool 13 of Experiment 3 as due 
to the stimulating influence of the acid reaction of the sodium ehlorid 
extracts of the feces on the contained amylase It obviously needs no 
argument to support the claim that the acidity of these extracts could 
not of itself have caused the hydiolysis of the 1 per cent starch solutions 
Even had the feces possessed a surprisingly high acid concentration, this 
concentration must of necessity have been so much lowered by the time 
the series of dilutions of the salt solution extracts had been made as to 
render the acidities, of the latter pait of the senes, at least, of no influence 
in so far as their power to hydrolyze starch is concerned It is entirely 
• possible that the amylase was passed into the intestine in increased 
amount on the days in question under the influence of the high water 
intake, that it there fulfilled its function of bringing about an augmented 
amylolysis and that subsequently the reaction of the surrounding media 
was so altered by certain factors as to rendei impossible any further 
activity of the enzyme Therefore the reaction m which the enzyme was 
finally excreted from the organism by way of the feces was not, of neces- 
sity, the reaction which the intestinal substrate of the pancreatic amylase 
possessed Be that as it may, however, it is of course impossible to come 
to any definite conclusion as to the extent of the stimulation of the 
activity of the pancreatic function on the basis of data collected from acid 

23 Chittenden and Griswold Am Ghem Jour, 1881, in, 305 

24 Vernon Jour Physiol , 1902, xxvii, 174 

25 Schierbeck Skand Arch f Physiol, 1892, iii, 344 
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stools by means of the Wohlgemuth method This being so, we have 
suggested a modilication of that method which should obviate the tiouble- 
some featuies a'^sociated uith the examination oi stools which possess a 
pronounced acid oi alkaline leaction This method appeals elsewheie-'^ 

If we examine the data in Tables 1, 3 and 3 it will be seen that the 
complete elimination of all eonsideiation of the acid stools in question 
which gave e\ideiicc oi the suipiisingl} pionounced am 3 lol}tic powei, will 
not pieient us iiom diauing the conclusion that the activity of the pan- 
el eatic function i\as stimulated undei the influence oi watei-diinking at 
meal time Ceitain otliei expeiiments may be cited as tending to sub- 
stantiate the tlieoiy of an inciea^ed activity oi the panci eatic function 
undei the influence of ivatei -dunking with meals Foi example, Pawlow-“ 
has shown that if 130 cc of watei be intioduced into the stomach of a 
dog possessing a paiicicatic fistula, that the flow of juice begins aftei an 
inteival of two oi three minutes and in ease theie is already present a 
di-tinct flow' oi juice that the output is distinctly increased That this 
flow’ of juice was not bi ought about tliiough the stimulation oi acid cbjine 
entering the duodenum was show’ii liom the fact that, if the stomach of 
the animal be emptied, the contents of the organ are found to be neutral 
or faintly alkaline in reaction This expeiiment by Pawlow indicates 
cleailj’, then, that w'atei intioduced into the stomach causes a direct 
stimulation of the nervous mechanism of the pancreas which is follow'-ed 
by an outpouring of pancreatic juice As further basis for oui belief that 
W’atei ingestion stimulates the pancreas, w’e would cite certain other 
expeiiments of Pawlow’-^ and the eailiei work of Heidenliain"® and Ssa- 
no/ki The more recent experiments of Poster and Lambert”^* may also 
be adduced as fuitheiing this claim These various investigators just 
enumerated have shown that an increased flow of gastric juice follows the 
entrance of w’atei into the stomach The studies of Poster and Lambert 
go even farther than this and show most clearly that theie is not only 
an increased flow of juice but that this increased volume possesses i, 
higher acid concentration than that possessed by juice secreted under 
other conditions We have obtained results in this laboratory^® which go 
to verify the findings of Foster and Lambert On the basis of the well- 
established theory as to the mechanism of pancreatic secretion as evolved 
by Bayliss and Starling®^ we may logically expect a pronounced increase 
in the fiow of pancreatic juice to follow the entrance of the stionglv acid 
chyme into the duodenum That the pancreas is more active under a 

26 Pawlow The Work of the Digestive Glands, Second Edition, 1910, p 144 

27 Pawlow The Work of the Digestive Glands, p 112 

28 Quoted by Pawlow, p 112 

29 Poster and Lambert Jour Exper Med , 1908, x, 820 

30 Wills and Hawk Proc Soc of Biol Chem , 1911 

31 Bayliss and Stalling Jour Physiol, 1902, 28 
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high water ingestion is also evidenced from other experiments made in 
this laboratory 22 Tvhich have demonstrated a more complete digestion and 
absorption of ingested fats and carbohydrates under the influence of 
water-drinlang at meal time 

It has fuithei been found by us^- that the carbohydrate content of 
the actual samples of feces listed in Tables 1, 2 and 3 of this article was 
lower duiing the water peiiods than during the period of minimal water 
ingestion This fact demonstrated definitely then that the intestinal 
content of these subjects was of a higher amylase concentration during 
the peiiod of mcreased water intake Other things being equal we would 
expect a fair degree of uniformity between the availability of ingested 
caibohydrate and the content of fecal amylase The obseivation of Brad- 
ley^^ to the effect that pancreatic lipase possesses gieater fat-splitting 
power when its reaction mixtures are diluted with seveial volumes of 
water also goes far toward a substantiation of the theory of a pancreas 
activated through water ingestion 

We have much to leain as to the alterations in the reaction of the 
intestine undei different conditions In the case in point we have an 
excessive quantity of hydrochloric acid passed into the intestine^ under 
the mfluence of the high watei intake, a quantity which probably, at 
times, IS far in excess of that which may be neutialized by the pancreatic 
juice and bile The greater portion of this excess acid we may suppose 
to be neutralized by the ammonia which is produced in the deamidation 
of piotein material This acid would therefore appear in the mine as 
ammonium chlorid However, if there should occur a verj'’ copious out- 
pouring of hydrochloric acid at a time when there was but little protem 
material available for deamidation and consequently a minimal amount of 
ammonia present for the neutralization of such excess acid, it is entirely 
possible that we might have an acid reaction due to hydrochloric acid 
extending the entire length of the large intestine In that event the stools 
would probably possess a relatively high acid concentration If the food 
residues remained in the intestine for an interval shorter than the normal 
because of increased peristalsis, diairhea, etc, acid stools might also 
result 

The normal reaction of the mtestinal contents is acid down to the 
ileocecal valve under normal conditions Furthermore, carbohydrates 
which escape absorption may undergo acid fermentation through the 
action of certain acid-forming bacteria such, for example, as Bacillus coh 
and Bactenum welclm A number of organic acids are formed which 
include acetic acid, lactic acid, butyric acid and succinic acid The extent 
to which this acid reaction may be carried is indicated by Macfadyen, 

32 Mattill and Hawk Unpublished results 

33 Bradley Journal Biol Cbem, 1910, -vin, 251 
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Nencki and SiebeiV‘ finding of an acidity at the ileocecal valve equiva- 
lent to 0 1 pel cent acetie acid This obseivation was made on a patient 
with a hbtnla at the end of the small intestine 

SOilil VRY 

The pioblem studied iias the activit} of the pancieatic function undei 
the iiilluence of Matei-dimking at meal tune Noimal men weie used 
as subjects and ueie lequiied to ingest a diet unifoim in all lespects 
fioni da} to day Tliiee expeiimcnts weie made, each expeiiment being 
diiidcd into thiee peuoda, a foic peiiod in which the subject ivas biouglit 
into iiitiogen oquilibiium thiough the ingestion of the uniioim diet sup- 
plemented b} a minimal watei lugcstion, a iLaici peiiod duimg ivliich the 
water ingestion at meal tune was incicascd iioin 1,j00 to -1,000 cc per 
da} , and an a! let peiiod in which the dietai} conditions of the foie peiiod 
pieiailed Two of the expeiimcnts weie on the intlueuce of modeiate 
watei-di inking and in these the volume of the cxtia watei ingested duiing 
the watci peiiod was l,o00 cc pei da} oi eOO cc pei meal In the thud 
expel imeiit the intlueuce of copious watei-di inking was studied and in 
this instance the subject was lecpiiied to ingest on each day of the watei 
penod 1,000 c c abo\e that ingested in the foie and aftei peiiods 

The amjlolytic activity of the feces, denoting, accoiding to "Wolil- 
gemuth, the content of paucicatic amylase present in the feces, was taken 
as the index of the acavity of the pancieatic function The amylolytic 
values foi the stools dropped dm mg the peiiods of modeiate and copious 
v/atei -dunking at meal-tune weie much highei than the similai values as 
detei mined foi the stools dropped dining the peiiods of minimal w^atei 
mgestion This finding may be inteipieted as indicating that the dunk- 
ing of w'atei wuth meals had stimulated the pancreas "We make this 
interpretation wuth ceitain lesei rations regarding conditions not con- 
trolled by the Wohlgemuth method Two stools w^eie encountered in the 
course of the investigation which exliibited a pronounced acid reaction 
Inasmuch as the basic piinciple of Wohlgemuth’s method is the hydiolysis 
of starch solutions thiough the medium of unneutralized fecal extracts, 
the method does not give dependable data as to the amylase content when 
such stools are under examination This is true especially m view of the 
fact that it has been shown that 0 004 per cent hydrochloric acid will 
increase the activity of amylase 400 per cent , whereas 0 009 per cent 
hydiochloric acid will cause absolute inhibition The pow^ei of feces 
extracts, therefore, to hydrolyze staich cannot be taken as a measure of 
the amylase present unless precautions aie taken to neutralize the fecal 
extracts and then make the conditions uniform for the action of the 
enzyme if present 

34 Macfadyen, Nencki and Sieber Arch f exper Pathol u Pharmacol, 
1891, xxviii, 311 
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On the basis of the data gatheied m this and in associated investiga- 
tions made in our laboratory and elsewhere, we are piepared to diaw the 
general conclusion that the ingestion of quantities of water at meal-time 
ranging in volume from ^ to liter stimulate the pancreatic function 
in two ways first, a direct stimulation of the neivous mechanism of the 
pancreas hi ought about while the watei is still in the stomach and, second, 
an indirect stimulation brought about on the entrance of the increased 
volume of acid chyme into the duodenum The drinkmg of water with 
meals ought therefore to bung about a more lapid and complete digestion 
and absorption of the fat and caihohydiate constituents of the diet, two 
observations verified by experimentation in our laboratory 



THE IMMEDIATE EFFECT ON THE COMPLEMENT 
FIXATION TEST FOP LUES OF TPEATMENT 
WITH SALV.UiSAN (ARSENOBENZOL) 

VN ANALYSIS or 22o CASLS'‘ 

CUARLIIS F CRAIG, MDt 

WASUINCrOX, D c 

111 leviewmg the liteiature on tlic icaiilta ol tlie tieatment of lues 
Mith saharsan, one is impressed v. ith tlie unsatislactoi} natuie of the 
data legaiding the efiect of tieatnient with this diiig on the complement 
fixation test It is non geueially acknon lodged tliat tins test is the only 
exact index we possess of the efficac} of any method of tieatment of 
lues, indeed, EhrliclP does not hesitate to sa} that “the observation of 
the Wasserniann leaction represents tlie most valuable method we have 
of seeing clearly whetliei tlie S 3 'philis is genuinely cuied,^^ and this opin- 
ion is suppoited b} e\ery authoiit}' having to do with the tieatment of 
the disease 

In view of the impoitance of the complement fixation test as a control 
of the efElcacy of tieatment with salvaisan, I have thought that an analy- 
sis of 225 cases, showing the immediate effect of such treatment on 
the test, would be of inteiest and value I have used the term “imme- 
diate effect” because it is yet too eaily to speak of the ultimate effect of 
this method of tieatment on the complement fixation test It is believed 
that the data obtained fiom the cases lepoited on aie especially valuable, 
because in the vast majoiity numeious tests have been made at fiequent 
intervals, thus giving one a moie just conception of the exact effect of 
treatment with this drug on the complement fixation test It will be 
observed that an early disappearance of a positive reaction is more fre- 
quently noted in this senes of cases than is reported by most observers, 
largel} owang to the fact that the tests were made at fiequent intervals 
a practice possible only in the military service or where luetic patients 
can be kept under constant observation for long periods of time In the 
military service, also, it is possible to secure more accurate data regarding 
the date of infection and the nature and extent of previous treatment, 

*^Froin the Bacteiiologic Laboratoiy of the Army Medical School, Wash- 
ington, D C 

^Published with the authority of the Surgeon Geneial, U S Aimy 

fCaptain, Medical Corps, U S Army 

1 Ehrlich, P Chemotherapy, Ed 1, New York, 1911, p 116 
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facts of great importance in any consideration of the effect of treatment 
with salvarsan on the complement fixation test 

Before consideiing the results obtained in this laboratory, it is neces- 
sary briefly to discuss the exact clinical significance of the positive and 
negative reaction after treatment with salvarsan I believe that it may 
be stated without hesitation that a positive Wassermann reaction means 
the presence of living spirochetes and is always an indication for further 
treatment, provided a suflSeient time has elapsed foi the reaction to 
become negative, as shown by experience On the other hand a negative 
reaction does not necessarily mean that all the spirochetes are destroyed, 
for relapses may oecui after the reaction has been negative for weeks or 
even months A negative reaction may, therefore, mean either a com- 
plete cure or only the destruction of a sufficient number of the spiro- 
chetes to prevent the appearance of the reaction The latter statement is 
supported by the occurrence of cases m which the patients are suffering 
from a clinical relapse, but in which the complement fixation test 
remams negative for some time In one such case the spirochetes were 
demonstrated in the lesions at the time of the relapse, although the reac- 
tion was still negative, thus proving that the mere presence of the para- 
sites IS not always accompanied by a positive Wassermann test Well- 
marked clmical cases of lues are also observed, in which the Wassermann 
test IS negative, although the lesions contain the spirochetes and no treat- 
ment has been admmisteied It would, therefore, appear as though the 
appearance of a positive reaction depends on quantitative phenomena or 
on reactions of the tissues to the spirochetes which may not occui under 
ceitain conditions 

As I have stated the literature regarding the effect of treatment with 
salvarsan on the complement fixation test is limited in amount, and 
much of it IS unsatisfactory in character While many authoiities have 
reported very fully the clinical results m thousands of patients so treated 
the serologic data are generally incomplete, many of the most valuable 
clinical reports containing either no mention of the results of the com- 
plement fixation test or recording them inaccurately or in such a wav 
that no definite conclusions can be drawn from them A few writeis, 
howevei, have reported in detail the results of the Wasseimann test in 
their cases but it is difficult to judge of their value, as a whole, on account 
of the lack of data regarding many important factors having to do with 
the tune of disappearance of the reaction A brief abstract is given of 
the most important contributions to this subject 


Nichols and Fordyce- report the results of the Wassermann test in eleven 
natients treated with salvaisan In eight the reaction became negative one in 
nineteen days, two m tiventy one days, one in twenty-three days, one m t'^enty- 
five days, one in thirty-nine days, one in three months, and one in three month 


2 Nichols, H J, and Fordyce, J A Jour Am Med Assn, 1910, Iv, 1171 
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and ele\cn daj- Of tlicsc cibCa, two arc btill ncgatne at tlie end of ten months, 
i period 01 tunc bullicient, I behe\c, to pio\e tlnit they arc cuied In both of 
thcae cases, the dose of arbenoben/ol w is only 0 3 gin Kclapbca occuried in t\\o 
cases and the renniiider lri\e disippeiicd 

Goronne ind Iluggenberg^ report ten cibcs in which a plus leaction became 
negitno in irom four to ten weeks In lour cases it lemained positive, one aftei 
liitj siK di\s, ind one after se\enty dajs In t\\enty-livc cases obseived for 
less than foui weeks oiilj si\ becune negatue 

^Michaelis* tre itcd 110 patients ind obserted only three relapses lie states 
that the serum roiction may become negatno within a peiiod from tw'O to ten 
weeks liter the injection He ob-'cned in bonio instances a strengthening oi the 
reaction uter treitinent, alUioiigU the clime il sMiiptoins wcie disappearing 
Fordeec' st itcs that the rcsulta oi the Wasseiininn test after "GOG” have 
aaried within wide limits but in general a change occuired in from foui to five 
weeks Ihe ciilic't eh uige from i poaitiie to i ncgituc reaction observed by 
him was in siv daca altei the iiijcttioii, but in anothci case, after two injections, 
the reiction did not become ncgituc until fu t\ -two dijs Anothci case, after 
two injections, w la still po-'ilue ailei seient} loiii dajs and another aftei 102 
dajs lie si>s tli it “sever.il ei-cs showed alternating negatue and positive 
ph lies ” 

ncrxheinier* records the re-julta ot 7S0 treated cases of which thirty-three 
relipsed in i period of fue month-, Many of his patients disappeared before a 
negatue reaetioii was obt lined lie obseiied a negative reaction in two primary 
cases alter ‘■even and twenty divs, while lour c.ibCa which weie negative before 
the treatment became positive ifteiw uds Ol thirty secondary cases that became 
negative aitoi tieitmeiit, luc betaine negative iii fiom one to two weeks, the 
otlieis at liter peuods In ‘-even latent Ciuses, three became negative in fiom 
eight to fourteen dijs 

Weintiaud' rcpoits that in oiilj thirty seven out of seventy-seven patients, 
did the Wasberniann leaction become pciniinentlv negative, and that iii three 
cases it remained positive aftei thiec injections of aisenoben/ol 
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in which salvaisan was used, Table 1 giving his results 

It will be observed that the majority of liis cases became negative in from 
two to live weeks aftei the injection Some of liis positive cases weie only 
obseived foi three or four weeks and, tbeiefore, may have become negative la ei 


3 Gerrone and Huggenberg Beil klin Wchnschr , 1910, xlvii, 28 

4 Micbaehs, L Berl klin Wchnschr , 1910, xlvii, 1195 

5 Fordyce, J A New York Med Jour, 1911, xcii, 897 

6 Herxheimer, G Deutsch med Wchnschi , 1910, xxxvii, 1517 

7 Weintraud, C Med Klin, 1910, xliii, 183 

8 Favento, A Munchen med Wchnschr, 1910, Ivii, 2080 
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Noguchi” has recently published a very valuable serological analysis of 102 
cases, in which the patients were treated with salvarsan He states that more 
than half of the number weie under observation for over three months, while 
the remainder had been injected for four weeks He conducted a quantitative 
determination of the serum reaction in each case, the blood being examined 
before the injection and at inteivals of one day, three days, one week, two weeks, 
three weeks, four weeks, sik weeks, eight weeks, etc, aftei the injection He 
found that thirty cases became negative, twenty-four reduced to less than 1 
antibody unit, while the remaining forty-eight cases still contain more than 
1 antibody unit, giving strong positive reactions However, a titiation of the 
seium of these cases showed that they were decidedly reduced in antibody content, 
although they gave stiong reactions In 40 per cent of the primary cases, in 
37 per cent of secondary, in 35 pei cent of tertiaiy, in 33 pei cent of latent, 
in 14 per cent of hei editary , and in 50 per cent of incipient tabes, the reaction 
became negative The average of the negative leactions equaled 33 7 per cent of 
the total 102 cases Ten relapses weie obseived, six of the patients were rein 
jected with good results and one had a second i elapse Of the negative cases 
reported by Noguchi, thirty-four in number, thiee became negative in two weeks, 
ten in three weeks, eleven in four weeks, five in five weeks, four in six weeks, 
and one in seven weeks His results in this respect are similar to those obtained 
in this laboratory 

It Will be noted that there is the gieatest variation in the results 
obtained by different observers^ and the number of cases which have been 
reported serologically is veiy small when compared with the vast numbei 
in which salvarsan treatment has been used The difference in results 
may be explained by the class of patients treated by different observers 
the amount and kind of previous mercurial tieatment, and, perhaps, by 
the technic employed in making the tests 

THE DISAPPEAHANCE OF THE REACTION IN RABBITS INFECTED WITH 

LUES AND TAW'S 

Thiough the kmdness of Captain Nichols of the Army Medical 
Corps, I have recently had the opportunity of testing rabbits experi- 
mentally infected with lues and yaws, and of observing the complement 
fixation curve as shown by the titration of tlie serum of these animals, 
as regards its complement fixation qualities Table 2 illustrates the 
results obtained in an animal infected with lues and Table 3 in one 
infected with yaws , these well show the gradual increase in the anti-body 
strength of the seium and the disappearance of the positive reaction after 
the administration of salvarsan 

An examination by Captain Nichols of Kabbit 39, infected with lues, 
demonstrated the presence of spirochetes on J anuary 19, but the Wasser- 
mann test was not positive, even with 0 2 c e of seium, until January 23 
Nrom this time it gradually increased m strength until February 6, at 
which time 0 05 c e of the serum gave a double-plus reaction At this 
time Captain Nichols administered intravenously 0 02 gm of salvaisan 
per kilo and the reaction became negative on January 13, one week 


9 Noguchi, H Serum Diagnosis of Syphilis, Ed 2, Philadelphia, 1911 
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afiei ticatment It la inteiestmg to obsei\e that the leaction diminished 
in stiength on the SUi and uicieased in stieugtli on Febiuaiy 10, aftei 
treatment 

In Pivibbit il, infected with }a\s‘-, the spiiochetes weie demon'^tiated 
by Captain Isichols on Jaiiiiais .il, but the Wasseiinann test did not 
become positive until Januan 30 On Fcbiuaiy (5, nhen 0 05 c c of the 
seiuin ga\c a double-plus leaction, 0 03 gm ot salvaisan pei kilo Avas 
administered miiaAcnmi&l} b\ Captain Xichols, and on Febiiiai} 13 the 
leaction became negatue, one week aftei tieatment Ilcie again it is 
intciesting to obsenc a diminution in the stiength of the reaction two 
ila}s aftei tieatment, an inciease foui da'^s aftei tieatment, and a final 
disappearance three da}^ latei Siniilai phenomena have been noticed in 
human sub3cct5, a negatne leactioii becoming po‘=iti\o aitei tieatment 
01 weak leactions becoming stiong Xoi a shoit peiiod aitei the adminis- 
tration of salvaisan Fliilicli bclieies tliat such clianges in the leaction 
aie due to the leaction of tlie tissues to poisons libeiated b} the destiiic- 
tion of the spiiochetes 

TcHCL 2 — TtCSCilTS OF CoMI’UMLNC FlV VTION '1 LST BlIOPC AND ArrCB TiU AT- 

MLNT wnu SvivvusvN IN ItvHBir JO, iMLcrrcD wnn Lucs* 
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•Spiiochetes found in testicular lesion Jan 19, 1911, 0 02 gm salvarsan per 
kilo administered mtravenousl} Fob 0, 1911 


'rABLE 3 — EESUETS OF CoJIt'CirWEN F FlX<VTION 'IlSTS BlFOKL AND AtTEK TKLAT- 
iiLNT wnrii Sal\ vksan in RAimir 41, Infecied with Yaws' 


Amount 
of Serum 

1/23 

1/30 

2/2 

Date of Tests 

2/6 2/8 

2/10 2/13 2/17 
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-b — 

0 20 c c 

— 

d — b 

d — b 
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* Spirochetes 

found in 

lesion 

Jan 21 

, 1911, 0 02 gm 

salvaisan per ivilo 

administeied intravenously Feb 6, 

1911 




The losults in this laboratory of the complement fixation tests m 
experimentally infected animals be foie and aftei treatment with sal- 
varsan have been perfectly consistent throughout and prove indubitably 
the specific action of tins drug on the spirochetes of syphilis and jaws 

TEOnNIO AND GENERAL RESULTS 

The technic used in making tlie tests in this laboratory is largely that 
recommended by Noguchi A human hemolytic sj^stem has been us 
the amboceptor being obtained from rabbits immunized against um 
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red coipnscles As antigen we have used an extiact of luetic fetal liver 
in absolute alcohol and the seium tested has always been inactivated 
As we receive our specimens fiom army posts, many of them located 
at considerable distances fiom the laboratory, we use only inactive 
serum and for this reason have preferred an alcoholic extiact as antigen 
Guinea-pig serum has been used for complement One cubic centimeter 
of a 1 pel cent suspension of red corpuscles is used for the antigen and 
control tubes The technic of making the test will not be considered, as 
it IS familiar to all who are interested in the Wassermann reaction 

Oui tests have been controlled by repeated tests made at the same 
time on known clmical cases and the results have always been consistent 

At the present writing complement fixation tests are being made in 
this laboratory on over 700 soldiers who have been treated with salvaisan, 
but I have only considered the results in 325 cases, for the reason that 
the remainder have not been observed for a sufficient time for the data 
to be of definite value Of the cases reported on all have been observed 
for at least eight weeks smee the admimstiation of the drug and most 
of them for a longer period 

Of the 225 cases reported 164, oi 72 8 per cent, became negative 
and sixty-one, or 27 1 per cent , have remained positive Of the 164 
eases wliieli became negative, twenty-four, or 14 6 per cent , have 
relapsed, forty-three have remained negative for two months, forty-one 
for two and one-half months, twenty for three months, seven for four 
and one-half months, eleven for five and one-half months, seven for 
SIX months, and six for seven months It is probable that some of these 
cases will relapse later, but it is not believed that relapses will occur m a 
very large piopoition of them 

A number of important factois must be considered in order to under- 
stand the exact value of these data The numbei of cases which remain 
positive, or become negative after the administration of salvaisan is of 
little practical significance unless we are informed as to the stage of the 
disease in which the drug is admmistered, the intensity of the positive 
reaction, the method of administration, and the amount and kind of 
previous mercurial treatment In view of the importance of these fac- 
tors, I have endeavored to give a complete analysis of the cases in these 
respects, and I believe that the real effect of treatment with salvaisan 
on the complement fixation test can be accurately ascei tamed only when 
such an analysis is made In the literature dealing uith this subject 
but little attention seems to have been paid to the factors which I have 
mentioned, and therefore much of it is comparatively valueless 
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'iiTE sTAGi: or Tiir Disrvsi: in kllvtion to the disappe vrance op 

THE reaction 

The results obtained in this laboiatoi} show that the immediate 
effect of tic.itniciit \Mth sahaisan on the complement fixation test is 
much infliicneed by the stage ot the disease In Table 4 is given an 
anahsis of the cases lepoi ted, showing the number becoming negative 
and lemaiiiing positive in the \aiious stages of lues The data aie based 
on the lesults of one injection of sahaisan in all but a feiv cases, the 
dose emplojed \ aiding fiom 0 5 to 0 S gm 


Tabu' } — Tiil Rksult OB Tin vtmlnt wint Svl\ vusvx* ov CoMPtritCN r Fixv- 
llON IX THE V\.UIOUfc> SrVGlb 01 Luib 


Stage of 

o 

o 

Eec line 

Pei 

Rem lined 

Pei 

Relapsed 

Pei 

Dihcaie 

Cases 

Keg iti\e 

Cent 

Po-jitue 

Cent 


Cent 

Priuurv 

11 

25 

SOG 

G 

10 1 

3 

12 

Secoiularj 

1‘J3 

100 

71 

3) 

25 0 

15 

15 

Tertiary * 

22 

12 

51 0 

10 

15 

2 

ICC 

L itent 

47 

27 

72 0 

10 

27 

1 

14 8 

Totals 

225 

IGl 

72 S 

01 

27 

21 

14 G 


■It will be obsel^ed fiom a considei ation of the table that of thirty- 
one pi unary cases SO G per cent became negative, wdiile 13 pei cent 
lelapscd In the sccondaiy cases 135 in numbei, 74 pei cent, became 
negative, of winch 15 pei cent lelapsed In the teitiaiy cases twenty- 
two in nurabei, 519 per cent, became negative, of which 16 6 pei cent 
lelapsed, and in the latent cases thiity-seven in numbei, 73 9 pei cent 
became negative and 118 pei cent lelapsed It is thus evident that the 
best lesults weie obtained, as legaids the disappeaiance of the leaction, 
in the treatment of patients in the piimaiy stage and tlie most unfavor- 
able in the tieatraent of patients in the teitiaiy stage In latent cases 
the lesults aie appaiently somewhat better tlian in the secondary cases, 
and it is inteiesting to note the giadual deciease in the efficacy of the 
treatment the older the active stage of the disease The results obtained 
are as might be expected and indicate the value of early treatment of 
luetic infections 

The time of disappearance of the reaction m the cases which became 
negative has also varied with the stage of the disease In Table 5 is 
given the date of disappearance of the leaetion in weekly periods cor- 
related with the stage of the infection 

It will be noted that, considering the total number of cases, the 
greatest number became negative during the second, third and fourth 
weeks, that a considerable number became negative one week after injec- 
tion, and that, in our experience, none of the cases became negative after 
eight weeks I believe that unless the reaction becomes negative within 
this time it will not become so latei, in the vast majority of eases, and 
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that a positive reaction after this penod should always be consideied an 
indication foi further treatment 

In regard to the time of disappearance of the reaction in relation to 
the stage of the disease, it will be noted that the best results weie 
obtained in the teitiary stage, no less than nine of the twelve tertiary 
cases becoming negative within two weeks, and that foui weeks was the 
longest time after treatment in which the reaction became negative at 
this stage of the disease In the secondary cases the reaction disappeared 
most frequently during the second, third and fourth weeks, while the 
longest period was eight weeks In the primary cases thirteen of the 
twenty-five cases became negative within two weeks, while five weeks was 
the longest period after treatment that the reaction became negative 
In latent cases the ma]ority became negative durmg the second, third, 
fourth and fifth weeks, and no ease became negative after six weeks 


Table 5 — The Eelation of the Stage op Lues to the Time of Disappeabahce 
OF Complement Eixvtion, After Treatment ivith Salvabsan 

Time of Disappearance of Reaction 


stage of 

Disease 

O 03 
<U 

AS 

a3 

o 

? 

0} 

O 

o 

<v 

ta 

0) 

v 

03 

■a 

o 

to 
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43 

13 

? 

D3 

03 


ko 

1— ( 
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o 

o 

t- 

00 

Primary 

25 

2 

11 

7 

4 

1 

0 

0 

0 

Secondaiy 

100 

10 

24 

24 

17 

10 

10 

4 

1 

Tertiaiy 

12 

3 

6 

2 

1 

0 

0 

0 

0 

Latent 

27 

2 

6 

4 

5 

c 

4 

0 

0 

Totals 

164 

17 

47 

37 

27 

17 

14 

4 

1 

The favorable 

results obtained 

in the 

tertiaiy 

cases, as 

leg aids 

the 


disappearance of the reaction, coincide with the remarkable mfliience 
of salvarsan on the lesions of this stage of the disease, as described by 
many clinicians, and they would appear to indicate that unless the reac- 
tion becomes negative within a month the majority of the patients 
require further treatment In consideiing oui lesults in this stage of 
the disease, it should be remembered that almost all of the patients had 
received more or less vigorous meicunal treatment, which undoubtedly 
had weakened the infection and thus led to an early disappearance of the 
reaction after the administration of salvarsan In fact, in the majority 
of our cases of secondary, tertiary and latent lues mercurial treatment 
had been administered and the effect of this on the disappearance of the 
reaction will be considered later 


thf relation oe the intensity oe complement fixation to 
THE disappearance OF THE REACTION 

From the study of the mtensity of the reaction in the cases heie 
reported on, it is apparent that the stronger the reaction the smallei the 

^ t 1^ Tw (T1V6I1 IG tins 


niiiGbei of cases which become Gegative 
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papei a double-plus reaction indicates complete inhibition of liemoljsis 
a plus leaction at leabt .30 pei cent of inhibition, and a plus-ramus leac- 
tion less than oO pei cent of inhibition Classified in this way the rela- 
tion of the mtousit} of the icaction to the time of disappearance is illus- 
trated in Table b 

Iablu G — 111! Ri-uvnox oi rm I^rL^s^r oi CoMi’iiMONr FiKAnoN lo rue 

lUsLLTt. 01 WIIK 


Cliaracttr of 

Xo of 

Became 

Per 

Rem lined 

Pci 

Relapocd 

Per 

Reaction 

C IsCa 

Xcgitne 

Cent 

Poaitue 

Cent 

Cent 

+-r 

119 

70 

bO 1 

to 

33 G 

13 

1G4 

4- 

71 

57 

bO 2 

It 

P) 7 

7 

12 2 

* 4 — 

35 

•2S 

SO 

7 

20 

t 

lt2 

lot Us 

225 

lot 

72 S 

Gl 

27 1 

2t 

It G 


An anal} Sis of this table shows that of 110 cases in which the leac- 
tion W’as double-plus GG 3 pei cent became negatne, of which number 
IG 1 pel cent i elapsed Oi £e\eut}-one cases in wdiich the leaction w'as 
plus SO 2 pel cent became negatue, of which 13 2 pei cent i elapsed 
Of thiit}-five cases m which the reaction was plus-minus 80 pei cent 
became negatne and 1-12 pei cent relapsed It will be observed that in 
the double-plus cases a smaller peicentage became negative and a laiger 
peicentage relapsed than in eithei the plus oi plus-minus cases and it 
would, therefoie, appear that the conclusion is justified that the prognosis, 
as regaids the disappeaiance of the reaction, is less favorable in cases 
giving a double-plus leaction Of course, this is to be expected if the 
intensity of the complement fixation te‘=t is a measuie of the seventy 
of a luetic iniection, but it is moie difficult to explain why the per- 
centage of disappeaiances is less and of relapses gi eater in the plus- 
mmus cases than in those giving a plus leaction, as shown in the table, 
although a careful inquiry into tlie history of our cases indicates why this 
is so hleaxly half of the cases giving a plus-minus leaction were patients 
in the late secondary or tertiary stages of the disease in which the infec- 
tion was still active, although they had been treated vigorously with 
mercury and the weak reaction in these cases is explained by the fact 
that mercurial treatment was omitted only a short time before the serum 
was tested Had all of oui plus-minus cases been in the primary oi 
early secondary stage of the disease I believ'^e that the percentage of dis- 
appearance would have been higher than is indicated in the table, while 
the relapses would have been fewer in number The relation which the 
intensity of complement fixation bore to the actual time of disappearance 
of the reaction m the 164 cases which became negative is shown in 
Table 7 
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This table shows that most of the cases givmg a double-plus reaction 
became negative during the second, third and fourth weeks after treat- 
ment, the greatest number during the second week, but that no less 
than eight became negative duiing the first week after treatment The 
results were similar in the eases giving a plus reaction, although a 
smaller number, proportionately, became negative in the first week As 
would be expected the cases giving a plus-minus reaction showed the 
largest proportion becommg negative in the first week but some did not 
become so until the fifth and sixth week The quickest results were 
obtained in the plus-minus eases, considered as a whole, while the results 
in the double-plus and plus cases were practically the same 



The early disappearance of the reaction in the double-plus cases 
was largely due to the fact that many of these were primary and sec- 
ondary cases, some of which had received previous mercurial treatment 
and the amount and kind of such treatment must always be considered in 
interpreting the real meaning of early disappearances of the reaction 
The relation of the stage of the disease and the intensity of the 
reaction to the time of its disappearance after treatment with salvarsan 
IS shown m Table 8 

In analyzing this table it is necessary to consider the intensity of 
the reaction in relation to its disappearance in each stage of the disease 
Of tlie twelve primary cases giving a double-plus reaction 83 3 per 
cent became negative, of which 30 per cent relapsed, of the seventy- 
six secondary cases giving a double-plus reaction 63 1 per cent became 
negative, of which IS 9 per cent relapsed , of the ten tertiary cases with 
a double-plus reaction 40 per cent became negative and 50 per cent 
relapsed, and of the twenty latent cases gmng a double-plus reaction 
70 per cent became negative, of which 14 2 per cent relapsed 

Considermg these cases as a whole it will be observed that the best 
results, as regards the disappearance of the reaction, were obtained in the 
primary stage and the poorest in the tertiary stage, while better 
were obtained in the secondary stage than in latent infections When 
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relapses aie cou^iderecl, lio\\e\ei, ihe be'jfc ic&ults \\eie oblamed in the 
latent cases and the pooiest in the teiliai} ca‘'e3, the secondaiy stage gave 
better lesiilts as regaids i elapses than the priinai> and tins was not due, 
as niiglit be thought, to eitbei the nietbod ot the administiation ol the 
drug or to the dosage 


'1 VHLL S — Ri:L\.lIO^ 01 nil SrAoi oi Lois VM) nio I^n^s^r\ oi tiil Compil- 
MiM' ln\\^Io^ Ruactiox to irs Disai‘1’l\kvncl Arrau 
'lULVXMIM wnu SvrVMlSVN 
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1 eaction the lai 
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of negative resulis, occuned m the secondai} stage, the smallest m the 
latent stage, while bettei losults weie obtained m the piimaiy stage than 
in the teitiaiy As legaids lelapses, none occuned in the piimaiy oi 
tertiaiy stages, while in the secondaiy stage 13 S pei cent, i elapsed and 
in the latent cases 23 pei cent 

Of the cases giving a plus-inmus leaetion the table shows that the 
best results were obtained, as regards the disappearance of the reaction, 
in the tertiary and latent cases, while the poorest results were obtained 
m the primary cases As regards relapses none occurred in the primary 
or tertiary cases, but 7 6 per cent, relapsed in the secondaiy stage and 
11 per cent of the latent cases In the cases in the tertiary and latent 
stage giving a plus-minus reaction the patients had received vigorous 
mercurial treatment before the administration of salvarsan, which 
undoubtedly explains the disappearance of the i eaction in all of the eases 
The patients who relapsed m the secondary stage had received no 
previous treatment, while the one patient who relapsed in the latent stage 
developed symptoms a few days after the reaction became negative 

From the data submitted it is evident that the intensity of the reac- 
tion m the various stages of the disease is of considerable piognostic 
import Thus better results are obtained, as legaids the disappearance of 
the reaction, in the primary cases giving a double-plus i eaction than in 
the secondary, but the chances of a relapse are almost twice as great in 
the primary as they are in the secondaiy It is also interesting to note 
that the plus-minus cases give a larger percentage of disappearances in 
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the seeondaiy than in the piimaiy stages of the disease^ but that the 
chances of a lelapse aie gieatei in the seeondaiy stage The prognosis 
as regards the disappearance of the reaction and the occurrences of 
relapses, is most unfavorable in the tertiary cases which give a double- 
plus reaction 

RELATION OE THE METHOD OF ADjMINISTRATION OF SALVARSAN TO THE 
DISAPPEARANCE OF THE COMPLEMENT FIXATION REACTION 

I had hoped to be able to give some data regarding the relation of the 
dosage of salvaisan to the time of disappearance of complement fixation 
but in the cases analyzed the dosage has varied so little that no conclu- 
sions can be drawn regarding this phase of our subject 

The method of administration, however, had much to do with the 
disappearance of the reaction as will be seen on consulting Table 9 
The methods used m the eases reported were as follows Injection of 
the neutral suspension of the drug, mtramuseular injection of the alka- 
line solution, intiaienous injection, and combined intramuscular and 
intravenous injections 

Table 9 — Vakious jMethods of Administratiox oi Sal^aksan in Relation 
TO THE Disappear VNCE of Complement Fixation in Lues 


Method of 

No of 

Became 

Per 

Remained 

Per 

Relapse 

Per 

Admimsti ation 

Cases 

Negative 

cent 

Positive 

cent 


cent 

Neutral suspension 

9 

7 

77 7 

2 

22 2 

5 

71 4 

Alkaline Sol Intramuscu 
lar 

150 

118 

78 6 

32 

21 3 

8 

67 

Inti avenous 

30 

16 

53 3 

14 

46 6 

6 

37 5 

Combined Intramusculai 
and Inti avenous 

36 

23 

63 8 

13 

36 1 

5 

217 

_ 





— 
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Totals 

225 

164 

72 8 

61 

27 1 

24 

14 6 


Neutial Suspension — The neutral suspension of salvaisan was used 
in nine cases, of which seven became negative and five relapsed Thus 
while the percentage becoming negative was quite large, the percentage 
of relapses (71 4 per cent ) was enormous It must be admitted that, 
as a rule, small doses were used, varying from 0 3 gm to 0 5 gm , but 
even taking this mto consideration it is evident that the method gives 
poor results when compared with any of the others mentioned In jus- 
tice to the method, however, it should be stated that the two cases which 
did not relapse, are still negative after a period of nearly ten months 
Inti amusculai Injection — ^The mtiamuscular injection of the alka- 
line solution of salvarsan gave the best lesults, as regards the disappear- 
ance of the complement fixation test, in the cases which are heie 
analyzed Of the 150 cases so treated 78 6 pei cent became negative, 
of which only 6 7 pei cent relapsed, and as some of the cases which 
remained positive have only been obseived for a period of four weeks it 
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13 piobable that tlie peicoulage of clisappeaiancc Mill become gieatei 
Mithiii the iie\t tMo oi Ihiee Meeks, but this ma> also be tiiie as legaids 
the peiceutage ol lelapses The dose of salvaisan ^alled liom 0 5 gm 
to 0 b gm 

Iniiaicnou6 Injedion — The mtiaieiioiis method Mas used iii thiity 
of the cases lepoited, of mIiicIi 53 3 pei cent became negative and 37 5 
pel cent relapsed 

Se\en of the ca=:es Meie guen 0 5 gm of ‘•ahaisan, lepeated in one 
Meek, and oi these &i\ became negative, one ‘^taved positive and one 
lelapsed Foui Meie gnen 0 0 gm once onl>, of mIiicIi one became nega- 
me and ioui lemained positue Xineteen Mcie guen 0 5 gm once onl’^ 
of mIiicIi nine became negatue, ten lemaincd positue and five relapsed 
The best le'^ults Meie obtained Mith tMo inliavenous injections given one 
Meek apait 

Combined Inliamuncnlcu and Inliavenous Injections — This method 
M’as used in thiitj-'^ix cases, ol mIiicIi 63 8 pei cent became negative and 
317 pel cent lelapsed, thus giving bettei lesults than the intiavenoiis 
alone, but not as good as the intiamusculai method The dosage 
emplojed in the combined method M’as as IoIIoms 0 3 gm intiamusculai 
+ 04 gm lutiaienous, 0 3 gm intiamusculai + 0 3 gm intiaienous, 
and 0 0 gm intiamusculai + 0 3 gm intiavenoiis The best lesults 
M'eie obtained with the lattei dosage, 50 pei cent oi the ten eases so 
treated becoming negatue, none of Mdiich have i elapsed 

A few patients Meie tieated Mith an intiavenoiis, folloM'ed bj^ an 
intramusculai, injection, but the niimbei is too small to M'ariant any 
conclusions legaiding the efficacy of this method ot tieatment 

The peiiod inteivenmg betu’^een the adrainistiation of the diug by 
the seveial methods and the disappeaiance of the reaction is given in 
Table 10 

Table 10 — The Tiwe or Dis cppeakance of the Complement Fixation Reaction 
Aftek Tbeatjient with Salvarsan by Various Methods 


•Date of Disappeaiance in Weeks- 
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inti avenous 
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17 

47 
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17 

14 
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This table is of inteiest as showing the lelative rapidity of the disap 
peaiance of the reaction aftei the several modes of treatment It will 
be observed that the reaction disappeared less rapidly when intra- 
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niusciilcii mijGctioiis WGrG used, tlifln wIigh tlis diug was givGn intu- 
venously The gieat diiferences in the rapidity of the disappearance of 
the reaction aftei tieatment with salvarsan are due to numerous factors, 
some of which are capable of explanation, while otheis are still unsolved 
The situation of the spirochetes, the late and amount of absoiption of 
the drug and the charactei and severity of the infection, must all have 
something to do with the time of disappearance, while the existence of 
strains of spirochetes, which may be moie or less resistant to the diug, 
a question still undecided, may also explain the slow disappearance of 
the leaction in certain cases If, as Ehrlich believes, the fixation leac- 
tion may be pioduced by tissue changes which occur in answei to nuta- 
tion brought about by the destruction of the spirochetes, it is easy to 
explain the delayed disappearance of the reaction by a slow elimination 
of these iiritating products When elimination is rapid, eithei because 
the amount of initating substance is small, or the tissues concerned in 
elimination are very active, the reaction will disappeai quickly, while, if 
the contrary is tiue, elimination will be slow and the reaction will persist 
for a considerable period 

In the intravenous mjections twelve of the sixteen negative eases 
became so within two weeks, while the longest peiiod from the time of 
the administration of the diug to the disappeai ance of the reaction was 
one month One would naturally expect that the leaction would disap- 
pear moie rapidly aftei intravenous injections than aftei intramuscular 
and this is borne out by our data The fact lemains, however, that some 
of these cases did not become negative for three oi four weeks, and it is 
difficult to explain this on any other assumption than that the persistence 
of the reaction was due to the slow elimination of substances deiived 
fiom the dead spiiochetes or produced by the reaction of the tissues to 
them When the drug is given by the intramuscular method it is 
absorbed slowly, exerting its action for days or peihaps weeks and killmg 
the spiiochetes by ^'the instalment plan" as it were, whereas when it is 
given intravenously it is absorbed and eliminated rapidly, and any 
destructive action on the spirochetes must occur in a comparatively shoit 
time In the fiist case the elimination of the substances which Ehrlich 
believes have to do with the production of the reaction is gradual, because 
the spiiochetes aie being continually destroyed, whereas in the second 
cases these substances will be eliminated more rapidly because the para- 
sites are all killed within a comparatively short time The elimination 
may take some weeks even when the drug is given mtravenously, but it 
will never take so long as when it is given by the intiamuseular method 
othei thmgs being equal This theory would appeal to be contradicted 
by the results obtained m the cases treated with the neutral suspension, 
but these cases were very few in number and, theiefoie, of little value as 
an aigument agamst the theory 
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RKLmOX or I'llLVIOb-s MLRCDRIAL TRRVTAriXT TO Till: DISAPPE VRAxVOi: 

or coiiPLrAi] XT rixvTiox afti u svlvvrsvx 

PiGMOus tieatinent witli meicuiials lias consideiablc efTect on tlie di^- 
appeaiaiice of the complement fixation leaction aftei tieatment ivith sal- 
\aisan This is espeeialh noticeable dining ceitain stages oi luetic 
infection and should al\\a\s be consideied in inteipieting the lesults of 
Aanous ob'^eueis as icgaids this question As a lule the leaction disap- 
peais moie quickh in patients who ha\e been subjected to meicuiial 
tieatment foi some time than in those who ha\e not, and the chances ot 
relapse aie less, although, as will be seen, i elapses have occuiied in 
panents pieiiousl}' well tieated with nieicui} 

In the 225 cases leportcd 110 patients had leceued no tieatment 
pieiious to the u=e ot salvarsan Ot these eight} -two, oi 715 pei cent 
became negatne, twent}-eight, oi 35 1 pei cent, lemamed positive, and 
ten or 12 2 pei cent i elapsed 

Theie weie =e\eut}-hve eases in which a deimite liistoi} of meieuiial 
tieatment was obtained befoie salvaisan was administeied Of these 
SLxty-thiee, oi Si pei cent, became negative, twelve, oi 16 pei cent, 
lemaiiied positive, and seAon, oi 9 3 pei cent , i elapsed 

Fiom these figuies it is evident that bettei lesults w^eie obtained in 
the patients avIio had pieviously had meicuiial tieatment, foi not only a 
laigei piopoition of the cases became negative, but a smallei piopoition 
1 elapsed 

The relation oi the stage oi the disease in patients who had not 
leceived pievious meicuiial tieatment to the disappeaiance of the reac- 
tion aftei salvaisan is shown in Table 11, while in Table 13 is shown the 
1 elation of the stage of the disease to the disappearance of the reaction m 
the patients who had leceived pievious meicuiial tieatment 

Table 11 — The Relation of tiil Stage of Lues to the DisxVppeakance of the 
C olIPL^lrL^^ Fixation Test after Treatment with Salvarsan in 
Patients who had Received no Previous Mercurial 
Treatment 


Stage of 

No of 

Became 

Pei 

Remained 

Pei 

Relapsed 

Pei 

Disease 

Cases 

Negative 

cent 

Positive 

cent 


cent 

Pi unary 

Secondary 

Tertiary 

Latent 

27 

07 

S 

S 

22 

48 

5 

7 

81 4 
71 6 
62 5 
87 5 

5 

19 

3 

1 

18 5 
28 3 
37 5 
12 5 

2 

8 

0 

0 

9 

16 6 
0 

0 

Totals 

110 

82 

74 5 

28 

25 4 

10 

12 2 


In the primary stage, in patients previously untreated, twenty-two, 
or 81 4 per cent , became negative, while tAVO, oi 9 per cent , relapsed, as 
shoAvn in Table 11 In none of the primary cases ivere the patients 
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giVGii DiGictiiial tiG8.tin.6iit piior to tliG adininisti ation of salvaisan^ so 
that this column iGinams Gmpty m Tabk 12 

Table 12 — ^The Relation oe the Stage of Lees to the Disappeakance of 
THE Complement Fixation Test after Teeatfient with Salvarsan in 
Patients who had Received Previous Mercurial Treatment 


Stage of 

ISM of 

Became 

Pei 

Remained 

Pei 

Relapsed 

Pei 

Disease 

Cases 

Negative 

cent 

Positive 

cent 

cent 

Pi unary 

0 

0 

0 

0 

0 

0 

0 

Secondaiy 

44 

39 

88 6 

5 

11 3 

5 

12 8 

Tertiary 

13 

S 

61 5 

5 

38 4 

0 

0 

Latent 

18 

16 

88 8 

2 

11 1 

2 

12 5 

Totals 

75 

63 

84 

12 

16 

7 

9 3 


ThGEG WGTG sixty-SGVGn patients in the secondary stage of the disease 
who had not leceived mercuiial treatment before salvarsan was adminis- 
tered Of these 71 6 per cent became negative and 16 6 pei cent 
relapsed There were foity-four cases in the secondary stage which had 
received previous mercurial treatment, of which 88 6 per cent became 
negative, while 12 8 per cent relapsed It is thus evident that better 
results were obtained m the secondary stage of the disease in the cases 
which had previously had mercurial treatment 

Eight patients in the tertiary stage who had not received previous 
mercurial treatment were tested, of the cases 62 5 per cent became nega- 
tive, while none relapsed Thu teen patients m the same stage of the 
disease, which had received meicuiial treatment, were tested, of vhich 
61 5 per cent became negative, none of which i elapsed Though the 
figures show a slight increase m the percentage of negative results in the 
untreated patients I believe that this is only appaient and that if the 
same number of patients in both classes had been treated the results 
would have been in favor of those who had received previous mercurial 
treatment 

Considering the latent infections eight patients were tested who had 
received no previous mercurial treatment, of these 87 5 per cent became 
negative and none relapsed, while of eighteen patients who had received 
previous mercurial treatment 88 8 per cent became negative and 12 5 
pel cent relapsed The two patients who relapsed had previously had 
severe lesions which were quiescent at the time the patients were treated 
while in the patients who had received no mercurial treatment the his- 
tones show that the mfection was of mild charaetei I do not believe 
that any conclusions can be drawn from the fact that relapses occurred 
in the patients treated with meicun^, while none occuiied in the untreated 

patients 
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Ihc tiiiio of di-.i]jpcui »incc of tho ic.iction aftoi tieabuGnt willi sal- 
\iiuau m \.uioiK of the di-'ca-e m palients guen pievious iiiei- 

uiiial tieatineiu and in tlio-'C wlio had not leceived sueJi hcatment i& 
siiown m Table? i:> and 1 1 

iMiiu U — 'lin 'iiMi 01 Dism'jm \uv\ci oi im Fx\Ariox Tl&t 

mill 'hi \rM[M unir Svl\\i:s\n jn Pmiims who iivu Rlcuvid 
NO I'm Mots Mnuiuivn 'Jiii \imint 
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11 
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1 

(> 

1 
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1 

1 

2 

1 

0 

1 
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0 

I- Uent 

7 

1 

1 

1 

1 

2 

1 

0 

’1 ot iK 

S2 

10 

2(5 

IS 

10 

S 

s 
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A coinpaii'on of the?e table? show- that theie is little difleience in 
the late of di-appeaiaiice ol the leaclion in cithei class of patients This 
fact, IS of inleie?c as u suppoits the theoiy tliat the time of disappeaiance 
depend? on the late of climmation ol the substance oi substances deiived 
iiom the dead spuochetes oi pioduced by the leaetion oi the tissues to 
them, the shglic dilleieiice iii favoi oi the pieviously tieated patients 
being due to the destiuction oi a poition oi the paiasites, piioi to the 
admimstiation oi sahaisaii 

f'ujLL 11 — Till Timl 01 DI&A^'l>Lucv^cr: oi me Coaiplejiem Fixation Test 

AFTU: 'lUEVlMEM Will! SaLVVU&AN IN PATIENTS WHO HAD RECEIVED 
PllIJIOOS SIlRCUltlAL TKEArilENT 

Date of Disapiieaiance of Test in Weeks 
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2 
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03 

5 

18 

10 
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The lelative efBeiency of salvaisan and mercuiy in causing a disap- 
peaiance of the fixation reaction is strikingly illustrated in the eases of 
patients who had pieviously leceived meicurial tieatment Of fifty- 
tin ee patients who were tieated with mercury by the mouth for nine 
months oi more before the administration of salvaisan and who gave a 
positive Wassermann leaction, all became negative within eight weeks 
aftei the administiation of this diug The intensity of the leaction in 
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these cases is shown in Table 15, together with the time of pieiiou^ 
mercurial treatment 


Table 15— The Results of the Cosiplement Fixation Test m Fifty Three 
Patients who had Received Mercurial Ireatment Before the 
Adiiinistration of Salvarsan 


Method of 

Time of 

No of 

Character 

Ti eatment 

Ti eatment 

Cases 

++ 

Internal 

9 months 

17 

8 

Internal 

1 year 

19 

11 

Internal 

2 years 

11 

3 

Internal 

3 years 

6 

2 


Totals 

53 

24 


of 

+ 

7 

6 

7 

3 


ReTction 

2 

2 

1 

1 


23 


It Will be obseived from a consideration of Table 15 that nineteen 
of the patients had leceived mercuiy internally for one year, of whom 
eleven still gave a double-plus reaction, that eleven had received mteinal 
treatment for two yeais, of whom three still gave a double-plus leaction, 
and that six patients had received internal treatment for three rears, of 
whom two still gave a double-plus reaction, while the remainder gave a 
plus or a well-marked plus-minus reaction Comparing these results 
with those obtained after the administration of salvarsan, all of the cases 
becoming negative within eight weeks, and in a vast majority of mstanc.e': 
after only one injection of the latter drug, the infinitely greater specific 
action of salvarsan is clearly demonstrated' 

It IS generally admitted that the most efficient method of adminis- 
tering mercury is by the hypodermic injection of suitable salts of the 
metal Ten of the patients in whom the complement fixation test was 
still positive had been treated in this maimer before the administration 
of salvarsan and the number of meicurial injections and the intensity 
of the reaction was as follows 


Two patients had received 7 injections and gave a double plus leaction 

One patient had received 8 injections and gave a plus reaction 

One patient had received 9 injections and gave a double plus leaction 

One patient had received 11 injections and gave a double plus leaction 

One patient had received 15 injections and gave a plus leaction 

One patient had received 18 injections and gave a double-plus leaction 

One patient had received 20 injections and gave a plus reaction 

One patient had received 25 injections and gave a plus reaction 

One patient had received 30 injections and gave a plus reaction 

After one intramuscular injection of salvarsan the complement fixa- 
tion test in all of these patients became negative and has remained so 
nntil the present time, most of them havmg been obseived for from two 
to four months While the previous mercurial treatment must have had 
some effect on the infections, perhaps rendeiing them more sensitive to 
the action of salvarsan, I think it must be admitted that the results amplv 
demonstrate the superior specific action of the latter drug 
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DISCUSSION or RELAPSES 

It has been stated that of the 22o cases analyzed in this papei, twenty- 
ioui, 01 14 6 pel cent have i elapsed In older to undei stand the exact 
significance ot these lesults it is necessai^ to consider the cases somewhat 
in detail 

Fust, as legaids the lelation ot the stage oi lues to lelapses In the 
pi unary stage tlnee oi the twent}-five cases Mhich became negative, oi 12 
pel cent . lelapsed, in the secondal^ stage fifteen out of 100 cases, oi 15 
pel cent , in the teitiai) stage, two oi twelve cases, oi IG 6 pei cent , 
and in the latent stage ioui of tweni 3 '-seven cases, oi IIS pei cent It 
will thus be seen that the piognosis as regaids i elapses aftei treatment 
with sahaisan is best in the piimai} stage and most unfavoiable in the 
teitiai^, while it is beltei in the latent cases than in the secondaiy Of 
couise it IS }et too eailv to conclude that no moie lelapses wall occui in 
this senes of cases, but the iiguies aie coiiect, at least, as legaids the 
occui lence of eaih i elapses 

Second the lelation of the intensity of complement fixation to 
lelapses The complement fixation test gave a double plus leaction befoie 
tieatment with salvaisan in sixteen oi the twenty-foui cases which 
lelapsed , a plus reaction in six of the cases, and a plus-minus leaction in 
two of the cases Theiefoie, the piognosis as legaids i elapse -vanes with 
the intensity ot complement fixation, the best results being obtained in 
the cases gning a plus-minus leaction and the woist in those giving a 
double-plus reaction This fact is of mteiest as it indicates that there is 
some relation between the intensity of complement fixation and the resist- 
ance oi lues to tieatment w'lth salvaisan That this is true is strikingly 
illustrated when one con elates the stage of the disease and the intensity 
of the reaction with the percentage of relapses Thus, as is shown in 
Table 8, the relapses occuiiing in the primary stage of lues w'ere all in 
patients giving a double-plus reaction, no less than 30 per cent of such 
patients relapsing, while no relapses occur red in patients giving a plus 
01 a plus-minus reaction The same is true in the tertiary eases, 50 per 
cent of the patients giving a double-plus reaction relapsing, while no 
relapses occurred in those giving a plus or a plus-minus reaction 

In the secondary cases the largest percentage of relapses occurred 
in patients giving a double-plus reaction, but relapses also occurred in 
cases giving a plus and a plus-minus reaction, the percentage decreasing 
-with the severity of the reaction An apparent exception to the rule is 
noted in the latent cases, where 25 per cent giving a plus reaction relapsed 
and only 14 per cent giving a double-plus reaction, but there were only 
four patients tested who gave a plus reaction -while there were fourteen 
tested giving a double-plus reaction, so that it is probable that had the 

10 Since -writing the above, the peiceiitage of lelapses has increased slightly 
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same numbei of patients m each class been tested the results would have 
been similar to those obtained in the other stages of the disease 

Third, the lelation of the method of admmistiation of salvaisan to 
the oceurience of relapses The peicentage of i elapses vaiying gieath 
with the method of admmistiation of salvaisan 

The neutral suspension of the diug was used in nine cases, of which 
seven became negative and five, oi 71 4 pei cent , i elapsed The alkalme 
intramusculai injection was used in 150 eases, of which 118 became nega- 
tive and eight, oi 6 7 per cent , lelapsed The intravenous method was 
used in thiity cases of which sixteen became negative and six, oi 37 5 pei 
cent , relapsed The combined intramuscular and intiavenous method 
was used in thirty-six cases, of which twenty-three became negative and 
five, or 21 pei cent , lelapsed From these data it is evident that the intia- 
muscular injection of the alkaline solution has given the best lesults as 
legards the occuiience of early relapses and the neutial suspension the 
poorest, while the combined intiamuscular and intiavenous has given 
better results than the intravenous method alone It is also evident that 
the neutial suspension, as recommended by Wechselmann, should be dis- 
carded as a method of admmisteiing the diug 

Fourth, the i elation of previous nieicuiial treatment to i elapses A 
slightly smaller peicentage of i elapses occuired in the secondaiy cases 
which had received previous mercuiial tieatment than in those which 
had not, but I do not believe that any conclusions can be drawn from the 
data relating to this phase of the subject, as in the vast majoiity of cases 
the amount of meicuiial tieatment was small and appaiently had but 
little effect as legaids the occuirence of relapse In the latent cases which 
had received pievious mercurial tieatment 12 5 per cent lelapsed, while 
in those which had received no meicurial treatment i elapses did not occui 
A much smaller numbei of cases belonging to the latter class weie tested, 
however, and therefore the results are untiustworthy and geneial con- 
clusions cannot be drawn from them (See Tables 11 and 12 ) 

THE TIME OE OCCURRENCE OF RELAPSES AFTER SALVARSAX 

In considering this portion of our subject it should be lemembeied 
that I am only able to give the data concerning the i elapses which have 
occurred in fiom one to six months after tieatment and that the laige 
majority of negative cases have only been observed for three months 
since the reaction became negative It is moie than probable that some 
of these cases will relapse later, but the results obtained indicate that the 
majority of relapses occui within eight weeks after the reaction becomes 
negative and that comparatively few occur after three months Table 16 
shows the time of occurrence of the relapses in the twenty-foui cases 
under discussion, the time being given in weeks and computed from the 
date on which the complement fixation test became negative 
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Table 1(1 — 

-TiitL 01 

Rllvpsl in Twlnty-Four Pvtients Tblaii d 

W ITII 



S VLVAUS VN 




ne of Eel.ip&e 

Xo of 

Time of Relapse 

Xo of 

lime of Rel ipse 

Xo of 

in Weeks 

Cases 

in Week -5 

Cases 

in Weeks 

Cases 

1 weeks 

2 

0 weeks 

1 

10 weeks 

1 

5 weeks 

1 

10 w'eeks 

1 

22 weeks 

1 

t) weeks 

8 

11 weeks 

2 

23 weeks 

1 

7 w eeks 

1 

12 weeks 

2 



8 weeks 

1 

11 weeks 

1 




11 


7 


3 


It IS evident iioin the table that moie than half of the lelapses 
occurred vithin eight \\eeks allei the leaclion became negative and that 
twenty-one of the twcnt}-loui patients lelapsed within fouiteen "weeks 
I believe that these lesults indicate that, in the vast ma]oiity of instances, 
a lelapse will occiii within si\ months il it is going to, and that if a 
pieviously positne Wasseimann lest lemains negatne ioi as long as a 
yeai alter the administiation of saKaisan, piovided clinical symptoms 
aie absent, a i elapse will not oeciii I lealize that this opinion is con- 
tiaiy to that hold bv many, i e , that seveial }eai3 must elapse befoie one 
can be suie that this ding leally ciiies lues, but I believe that unless the 
spiioehetes aie desti03'ed clinical symptoms will appeal oi the comple- 
ment fixation test will become positive within a yeai, pioMded meicmial 
tieatment is withheld 

I think that most authoiities would considei a patient as cuied who 
had taken a couise of meicuiial tieatment and whose blood gave a nega- 
tive Wasseimann leaction a year aftei the cessation of such tieatment, 
and I can see no leason why the same standaid should not hold good 
m the treatment of this disease with salvarsan Indeed, the meie fact 
that one or two injections of this diug has been followed by as good 
lesults as thiee years’ tieatment with mercury, as legaids the complement 
hxation test, should render this standaid more conclusive in the case of 
salvarsan than in the case of meicuiy I am awaie that clinical i elapses 
sometimes occur with a negative Wassei mann reaction, but I am very sure 
that a patient showing neithei clinical symptoms noi a positive Wasser- 
mann reaction within a year aftei tieatment with salvarsan may be con- 
sidered as cured of sj-philitic infection Exceptions may occur but they 
will be the exceptions which will prove the rule 

GENERAL CONCLUSIONS 

Erom the analyses of complement fixation tests after the administra- 
tion of salvarsan which are given in this paper I believe that the follow- 
ing conclusions may be safely drawn 

1 The best results, as regards the disappearance of the complement 
fixation test and the occurrences of relapses, are obtamed in the treatment 
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of patients in the primary stage of lues and the poorest in the tieatment 
of those in the tertiary stage 

2 The complement fixation reaction disappears somewhat moie rap- 
idly after treatment with salvarsan in the tertiary stage than in either the 
primary or secondary stage of the disease 

3 The reaction m our experience has disappeared during the second, 
third and fourth weeks after treatment in the vast majority of the nega- 
tive cases 

4 The prognosis, both as regards the disappearance of the reaction 
and the occurrence of relapses, is most favorable in patients giving a 
plus-minus reaction and least so in those giving a double-plus reaction 

5 As regards the method of admmistration of salvarsan the best 
results have been obtained, m our experience, from the intramuscular 
injection of the alkaline solution and the poorest from the use of the 
neutral suspension In justice to the intravenous method, however, it 
should be stated that a smaller number of cases have been tested and it 
may be that this method wiU prove as eflBeient as the intramuscular 

6 The complement fixation reaction disappears more rapidly after 
the intravenous administration of salvaisan than after the intramuscular 
administration 

7 As regards the disappearance of the complement fixation reaction 
better results were obtained in patients who had previously received mer- 
curial treatment than in those who had not, but the time of disappeaiance 
of the reaction was little affected 

8 The great superiority of salvarsan ovei meicury, as a specific 
remedy, was shown in the rapid and apparently permanent disappearance 
of the reaction, after one oi two mjections of the drug, in patients 
previously treated for one, two or three years with meicuiials and in 
whom the reaction had remained positive 

9 The complement fixation test is of the veiy greatest value as a 
guide to treatment with salvarsan and it is the only method we possess of 
determming whether lues is actually cuied by any therapeutic agent 

I’mally, I believe that the data recorded in this paper eloquently sus- 
tain Ehrlich^s modest claim, ^^that the intioduetion of ‘606’ makes a 
considerable advance in the therapy of syphilis, an advance which is not 
due to accident, but to the result of systematic expeiimental work 


11 Ehrlich, P Chemotherapy, Ed 1, New York, 1911, p 127 
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THE IMPOIITAXCE OF TO XUS FOR THE MOVBMEXTS 
OF THE iUiDIEXTARY CAXAL *• 

\\ ALTER B CLLNWOX, M D 

llOSION 

Foil! 3eais ago, tluniig an iinestigalion oi raovoments oi the esopha- 
gus aitei total vagua acction, 1 waa snutk b} the dilleieuce between 
the pniiiai} and the cecondai} leaiilta ol tlie opeialion The piimaij^ 
leaiilt, seen dining tlie liiaC twenij'-loui liouis altei the esophagua is 
isolated iioni the ceiitial uenous adatom, la appaieiitly a complete pai- 
al3sis. Food, pushed onwaid b3 the still efficient ccivical gullet, accu- 
mulates in a M idel3 distending maas in the louei esophagus and may stag- 
nate theic loi houia with no indication oi an3 leactidn ot the encucling 
wall In a few da3S, howe\ei, a icmaikable lecoveiy of function occuis 
in the low Cat pait of the tube, w'hich is piovided with smooth muscle 
Conti action and peiistalsis now appeal in this legion wdien food accu- 
mulates An impoitant lacloi loi aiousing these activities seems to be 
the sti etching of the esophageal w'all Foi example, in the fiist days of 
iccovei3, a slendei ma ‘?3 spiead along the tube may lie foi some time 
unmoied, the addition of a second mass, wdiich causes fuithei disten- 
tion ot the ^vall, lesults instantly in contiactions and peiistalsis And 
similaily aftei some of the food has been diiven into the stomach, the 
stiand that lemains, now^ i educed to a slendei mass again, lies foi long 
peiiods without aiousing any movements of the gullet As da3'S go by, 
the lowei thoiacic esophagus becomes moie lesponsive to the presence 
of contamed mateiial, foi the mateiial is foiced into the stomach with 
inci easing lapidity, and even slendei masses aie now suflScient cause 
for peristalsis ^ 

What IS tiue of the lowei thoracic esophagus is also tiue of the 
‘•tomach If the splanchnic neives are seveied (in the eat), the normal 
movements of the gastro-enteiic canal are not alteied If now the vagus 
neives are cut, the immediate result is defective functioning For twenty- 
four hours after isolating the stomach fiom the cential nervous system, 

^From the Laboiatory of Physiology in the Haivard Medical School 

*PresidentiaI address deliveied before the American Gastio-Enterological Asso- 
ciation, April 19, 1911 

1 Cannon Am Jour Physiol, 1907, xi\, 441 
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the discharge of food is iniieh retarded Later there is a recovery of 
ahnost normal activity - 

A suggestion of the condition which makes possible the restoration 
of peristalsis in both the isolated esophagus and the stomach was found 
at autopsy of animals killed two weeks after total vagus and splanchnic 
section The stomach was found m remaikable tonic contraction ^ In 
two instances the diameter through most of the length ranged between 
1 5 and 3 cm — a smallness of size almost in ci edible when compared with 
the diameter of the stomach filled with food The question at once 
arose as to whether this tome contraction was not m fact fundamental 
to the rhythmic movements 

This suggestion was first tested by injecting mateiial mto the stom- 
ach when that organ was in difieient degrees of contraction If the 
abdomen is opened under warm normal salt solution, sometimes the 
empty stomach is found large and fiabby, with collapsed walls, at other 
tunes it IS small and contracted Under these different circumstances 
the mjeetion of a mushy mass has quite different effects The flabby 
stomach simply gives way before the pressure of the injected material, 
without any reaction, the tonically contracted stomach, on the other 
hand, begins, as soon as sufficiently distended, to exhibit peristaltic 
waves 

The importance of the tonic state is further attested by injecting 
into a vem a small dose of epmephrin (P D & Co ) while the gastric 
peristaltic waves are running This produces complete relaxation of the 
stomach and a cessation of peristalsis The pressure on the stomach con- 
tents (which measures the tonus of the neuromusculature) falls to zero 
A careful record of the movements of the gastric wall in the pyloric end, 
with simultaneous record of mtragastric pressure, shows that the pressure 
begins to rise in the stomach, i e, the tonic state begins to be estab- 
lished, before peristaltic waves begm to travel towards the pylorus 

The importance of tonus to rhythmic activity can be demonstrated 
also with the excised stomach If an inactive stomach is removed from 
the body, is filled with warm water, is tied at the two ends, and placed 
m warm oxygenated Einger’s solution, it usually shows no sign of peiis- 
talsis If, now, a small amount of barium ehlorid is added to the 
Einger’s solution, the stomach becomes tonically conti acted and peiis- 
taltic waves are generated 

The foregoing observations on the relation of tonus and peristalsis 
m the stomach are amplified and elucidated by an examination of these 
relations in the colon All investigators who have studied antipenstalsis 

2 Cannon Am Jour Physiol , 1906, wn, 437 

3 “Tonus” IS used in this paper to designate a state of moie or less per- 
sistent shortening of the cireular muscle of the alimentary canal 
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ot the colon ha^e noted that the ^\avcs stait £iom the naiiow constiuc- 
tion_, 01 tome iing, neaiest the cecum, but the pait played by this ring 
has been oveilooked lh\o ^eais ago I lepoited that by pioducmg a tonic 
rmg in the pioximal colon (exposed undei waim noimal salt solution), 
eitliei by pinching oi by apply mg a weak solution ot baiium chloiid, 
moMUg wa\e3 could be made to appeal at will A iing at the cecum 
lepeatedly sends olt downward-iunning waves, a new iing made now 
neai the teimmus of these waves staits reversed naves, and a tonic ring 
made midway in the proximal colon not infrequently will originate 
naves nliieh pass ana\ m both diieetions These phenomena occui not 
only m the large intestine connected nith the body, but also m the 
excised colon The j^henomena ot the tonic iiug aie therefoie ot piime 
impoitauce in explaming the occurience ot antipeiistalsis ot the colon 
and possibly also the similar peristalsis of the stomach 

The antipeiistalsis of the colon and the peiistalsis ot the stomach 
aie alike in presenting a senes of naves tollonmg one anothei in rh}thmic 
succession The} must, theiefoie, have a souice that is ih}thmically 
actue Caielul impection ot the exposed colon o\ci which antipeiis- 
taltic na\es aie passing re\eals the inteiesting tact that the tome nng, 
troni nliicli they start, pulsates, and that each pulsation sends a\iay a 
moving ling of eonstiiction 

The pulsations of the tonic nng and the discliaige ot waves fiom it 
aie dependent on a state oi tension Thus if, nhiie the waves aie lun- 
nmg tiom a nng, the fluid contents aie laigely nithdiawn, visible waves 
cease Eemtroducmg the fluid staits the naves again The obseivation 
which I lepoited in 1901, that antipeiistalsis begins nhenevei new mate- 
iial IS pushed into the colon fiom the ilium, agiees completely with the 
expel imental evidence that distention of the intestine is the condition 
for the appeal ance of the waves 

Mechanical sti etching is well lecognized as a most efficient stimulus 
foi excitmg activity in smooth muscle The evidence alieady cited for 
the esophagus, stomach and colon, is supported by similar observations 
on the small intestine/ ureter'^ and bladder ° Since smooth muscle sui- 
rounds hollow organs, which gradually fill and must be emptied, the 
value of distention as a stimulus is obvious 

The extension of smooth muscle which evokes a contraction must not, 
however, be merely the elongation of non-elastie substance This is a 
point which I wish especially to emphasize When an organ with walls 
of smooth muscle is flaccid and toneless, distention calls forth no 
response As already noted, such is the case in the isolated esophagus 

4 Bayliss and Starling Jour Physiol, 1901, xxvi, 134 

5 Sokoloff and Luchsinger Aich f d ges Physiol , 1881, vs.vi, 467 

G Guyon Compt rend Soc de Biol , Pans, 1900, In, 712 
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and stomach, immediately aftei severance of the vagus nerves ^ such is 
the case m the lectum’ and bladdei® immediately after the nerves have 
been cut wliicli supply them with tonic impulses, such is the case also 
m the atonic colon I have repeatedly attempted to call foith rhythmic 
contractions both in the atonic stomach and m the atonic colon, by disten- 
tion, but without success Only when the muscle is shortened and resil- 
ient, 1 e , in a state of tonus, does stretclimg result m a contraction 
The tonic state, therefoie, is quite as important as the internal pressuie 
— indeed, it is the condition foi the existence of that piessure And 
when stretching is said to be the efficient stimulus for rhythmic con- 
ti action of smooth muscle, the statement implies that the muscle is in a 
condition to be stietcli&d 

Moderate loads applied to smooth muscle extend it moie when it is 
in a short state than when it is in a long state ® At the tonic iing of 
the colon, therefoie, the neuiomusculature, because shortened, is espe- 
cially sub]ect to distention by internal piessure And being m a tonic 
state, it will respond by contraction 

A single contraction in a rhythmic series consists of almost symmetrical 
stages of shortening and relaxation During the stage of shortening and 
the first part of the stage of relaxation there is evidence that the neuio- 
museulature of the alimentary canal is relatively refractory to stimula- 
tion When the tonic ring, therefoie, begms to contract in response to 
distention, it becomes non-irritable to the stimulus, i e , to the internal 
piessure It begins again to be subject to this stimulus after having 
reached its most contracted state and having become partly relaxed — when 
again readily distensible How on being distended by the internal pres- 
sure, the ring is stimulated and, as before, responds by contraction Thus 
the neuromusculature in a tonic state responds to a distending pressure by 
contraction, and the refractoriness which develops during the contractile 
phase and the lessened iiritability during relaxation assure a rhythmic 
1 espouse These factors can all be reasonably invoked to explain the 
pulsations of the tonic ring 

The spiead of the contraction from the pulsating ring along the 
intestine, as a wave, is probably another instance of a widely obseived 
phenomenon in simple neuromuscular structures, the passage of the 
state of excitation from a contracted region to a stretched region 
Evidently a contraction of the tonic ring must increase internal piessure 
on neighboring parts of the intestinal wall If these neighboring parts 

7 Elliott and Barclay-Smith Jour Plnsiol, 1904, v>.\i, 289 

8 Elliott Jour Physiol , 1907, xxxv, 424, 425 

9 Schultz Arch f Physiol , 1903, Suppl , p 25 

10 Duccesclii Arch perl Sci Med , 1897, i:!^i, 170, Magnus Arch f d ges 
Physiol, 1904, cm, 540, 1906, cxi, 152 

11 See von Uexkull Ergebn d Physiol , 1904, m,, 4 
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die m tonic con ti action, they aie tlieieby set in inci eased tension Then 
distended aiea, the muscle iings of this aiea begin to contract and thus 
eithei independent!}, as a lesult of extia stretchmg, oi because the excita- 
tion, which IS manitested in pulsation ot tlie iing, spieads mto the fleshly 
to distend the legions be}ond The wave thus passes from the pulsating 
ling to inactive legions of the intestine, and since the constriction trails 
behind it an aiea of lessened nritability it cannot letuin on its course 
but must alwa}s move away fiom its place of oiigin 

The piecisc i elation between the degiee of tonus and the internal 
piessuie that lesults m ihythmie couti action, is difficult to define When 
a tonic ling is fust made in the colon, it is a deep and stiong contraction 
and it manifests no evidence of pulsations Only when it has to some 
extent lelaxed does it begin to beat iliythmically On the othei hand, 
it the inteinal pressure is sufficiently inci eased, the waves moving along 
the intestine will disappeai and can be seen again only when the disten- 
tion IS reduced Both the tonus and the distending force, therefore, can 
be too great for ihythmic action 

Fiom the foiegoing evidence and discussion, it is cleai that, given 
the state ot tonus in the neuiomusculatuie oi the colon, and a locally 
iiici eased tonic con ti action opposing an mteinal piessuie, the charac- 
teiistic antipeiistalsis can be explained As alieady stated, gastiic peris- 
talsis has many fcatuies in common with colonic antipeiistalsis Can 
the same principles be applied to explain the ihythmic gastiic move- 
ments ^ 

The stomach when first filled has loughly a conical shape — the cir- 
cumfeience is large at the caidiac end and piogiessively smallei as the 
pylorus rs approached If the contents are fluid or semifluid, and are 
subjected to the tension ot the gastric musculature, the pressure thiough- 
out the contents (gravity aside) will be uniform Every unit aiea of 
the wall will be supporting the same pressure Obviously, then, a cii- 
cumfeience of given width in the larger cardiac end will be subjected 
to greater total stress than a circumference of equal width m the smaller 
pyloric end 

Since the forces in the inactive stomach are in equilibrium, how- 
evei, the encii cling muscle of the caidiac end necessarily has to exert 
stronger tension than that in the pyloric end And furthermore, since 
the muscular wall of the cardiac sac is thinnei than that of the vestibule, 
there are fewer muscle fibers in equal cross-seetions The greater cir- 
cumterence and the weaker musculature both tend to place the cardiac 
region at a disadvantage The tension of the muscle in this region, 
therefore, must detennine the pressure in the stomach 

The necessity of tone as a condition for gastric peristalsis, and the 
existence of a tome state during digestion (as shown by intragastric pres 
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sure) have already been mentioned The application to the stomach 
of the factors used to account for the rhythmic conti actions of the colon 
involves first of all a consideiation of the degrees of relation between 
tonus and internal pressure As noted in the discussion of the activities 
of the colon, the internal pressure may be too slight to stimulate the 
tonically contracted muscle, or it may be too great Because of the coni- 
cal shape of the stomach it is quite possible for a pressuie to be produced 
too great for the neuromuseulature of the distended cardiac end and too 
little for that of the pyloric end Between the large cardiac and the 
small pyloric ends, however, the relations between internal pressure and 
tonus will be intermediate, and at some pomt the relations will be suit- 
able for a contractile response The material displaced by a contraction 
must be accommodated in the cardiac legion where the weakest muscles 
are working against greatest obstacles As the contracted band relaxes, 
however, the tonic pressure from the cardiac end again puts it on a 
stretch Thus the contraction would be repeated ihythmically at this 
point, foi the same reasons that were given foi rhythmic pulsations of 
the tonus ring in the colon 

Each pulsation of the adapted gastric band will send off a wave 
toward the pylorus The wave will not travel in the opposite direction 
(towards the fundus), because the cardiac sac is too much sti etched to 
respond , if it were not, it would itself be the site of the pulsating band 

In harmony with the preceding argument is the observation that 
when peristaltic waves are running on the stomach, their place of origin 
can be shifted towards the pylorus by increasing internal pressure, or 
almost to the fundus by decreasing that pressure In the first procedure 
the overstretched region is extended and the pulsating circumference, 
having to meet a greater distending force, is moved to a legion wheie 
the muscles are stronger and he in a smaller ring In the second pio- 
ceduie precisely the opposite occurs — ^the muscles of the caidiac end, 
gradually less stretched beyond their responding power, begin to con- 
tract and in consequence the pulsatile source of the waves is moved 
faither towards the area of weakest musculature and longest circum- 
feience 

As the stomach empties, the mid-region becomes narrow The waves 
then origmate at the upper end of a gastric tube, at a pulsating ring 
which separates the tube from the cardiac sac The ring forms a depres- 
sion which has been repeatedly noted m x-mj photographs of the human 
stomach,^® and is observable also in the exposed stomach of lower animals 
In radiographs this persistent constriction has been designated the 

12 Cannon Am Jour Physiol, 1911, xxvii, p xm 

13 See Kaestle, Ilieder and Rosenthal Arch Eontgen Ray, 1910, xv, 21 24 
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‘ incisma caidiaca The activity ot this deepened ring can best be 
explained in the same teims that weie nsed to explain the activities of 
the tonic constiictions of the colon 

Since the stomach when full has a conical shape, the formation of 
a gastiic tube of fairly unifoim diametei lequnes a gi eater contraction 
at the cardiac end of the tube than at the pyloiic end Because the 
cardiac incisuie, at the extieme caidiac end of the tube is theiefoie more 
contracted than any other pait of the stomach, it, like the tonic iing in 
the colon, is probably more easily distended than any other part Dis- 
tention by internal pressure causes the tonic ring to respond rhythmically 
Each conti action sends olf a \va\e towards the pjloius And as the food 
IS forced on into the intestine, the caidiac sac, by tonically pressing on 
its contents, pro\ides more material foi the waves, tvhile helping to 
maintain the internal picssuie nccessai\ foi the continuance of gastiic 
peristalsis Only aftei the contents, the medium loi exercising internal 
pressure, have disappeaied, does gastric peristalsis normally cease 

Distention of a tonically contracted neuioniusculatuie explains not 
only the rh}thmic activities of the stomach and colon, but also those 
of the small intestine The contractions of the intestine can be increased, 
within limits, both in extent and \igor by an ineiease in the distending 
force, 01 if the conti actions are absent the} may be started by disten- 
tion When a distending balloon is introduced into the intestine, the 
contiactions aie most maiked m the legion of greatest tension^® The 
violent segmenting activity iii cases of obstiuction^'^ also point to disten- 
tion of the gut as a cause of rhythmic contractions Indeed ih}tlimic 
segmentation itself is an excellent example of the response of the intes- 
tine to stretching, for the contraction each time occurs in the bulging 
legion, about raidivay between two previous contractions 

In the esophagus, the stomach, the colon, and the small intestine, 
the importance of tonus has now been explamed It is the prime condi- 
tion for that tension, oi sti etching, winch has long been recognized as 
the most effective means of lousing contraction in viscera with walls of 
smooth muscle When that tension is developed, contraction results, 
and if the tension peisists, the contraction lecuis It recurs as soon as 
the neuromusculature can recover from a previous contraction The 
result IS that rhythmic activity appears — ^the activity most obviously 
characteristic of all movements of the alimentary canal Since, therefore, 
the tonic state underlies all these exhibitions of rhythmicity, it is impor- 
tant to consider the conditions under which tonus is developed 

14 Bayliss and Starling Jour Physiol , 1899, xxiv, 105 

15 Bayliss and Starling Jour Physiol , 1901, xxvi, 134 
IG Cannon and Murphy Am Surg , 1906, xliii, 522 

17 Cannon Am Jour Physiol , 1901, vi, 256 
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When the vagus nerves are cut, the movements of the esophagus and 
stomach are for some time in abeyance, and even when peiistalsis 
reappears the constiictions at first are weak and relatively inefiective 
On the other hand, repeated stimulation of the vagus nerves causes an 
increased and more permanent tome contraction of the gastric wall, and 
as the tonus increases the peristaltic constrictions increase in vigor 
We may conclude, therefore, that the fimction of the vagi is that of 
setting the neuromusculature in a tome state, of making it exert a ten- 
sion, so that in relation to the contents it acts as if stretched by those 
contents 

The evidence already adduced to show the importance of the tonic 
state for normal functioning is lemforced by the observation previously 
mentioned that when all extrinsic nerves are cut, the esophagus and the 
stomach develop in time, within themselves, a tome state Whether the 
vagi aie present oi not, therefore, the neuromuseulature must be in tonus 
and in tension before response will occur In all probability the vagi 
adapt the size of the stomach to the varying amount of food ingested 
Thus, if the stomach were relaxed, these nerves might set the muscula- 
ture into tension about a small amount of food which would not by itself 
produce any tension whatever When these nerves are severed, however, 
and time is allowed for the development of an autogenic tonus, the auto- 
genic tonus compensates by rendering the stomach so contracted that even 
if a small amount is swallowed the muscle is stretched and peristaltic 
activities are at once started 

The question now arises as to the stage in the digestive process at 
which vagus influences affect gastric tonus That impulses pass down 
the vagus nerves to the stomach during mastication and ingestion of food 
was proved by Pawlow’s observation on the psychic secretion of the 
gastric juice As already stated, lepeated stimulation of the vagi 
results in an increased tonic state which is much more persistent than 
that which follows single stimulation Since a tome state is necessary 
for gastric peristalsis, and since, as we have seen, peristalsis does not 
appear if the vagi are cut shortly before food is eaten, the infei'ence is 
that, just as there is psychic secretion, so also there is psychic tonus 
At present, however, no direct evidence for this inference has been 
secured 

After digestion is well started, the vagus nerves can be severed with- 
out altering either the nature of gastric peristalsis or the rate at which 
the stomach empties itself This statement is based on observations by 
means of a;-rays, also on inspection, and on lecords of intragastiie pres- 

18 May Joui Physiol , 1904, iAXi, 262 

19 Pawlow The Work of the Digestive Glands, London, 1902, p 50 
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suic \slieii the digesting stomach was exposed undei salt solution The 
initial tonus (ps}chic'^) might be aioiised while food was being ingested, 
and might continue foi a peiiod ot some minutes theieaftei Then the 
tonic state must be maintained by other agencies As the above evidence, 
togethei with obseiiations on the excised stomach, shows, the tonic state, 
once established at the beginning oL gastiie digestion, is solf-suppoi ting 
And again like the ps}cliie secietion, it maintains itself by some local 
mechanism 

The small intestine is also biipplied with ‘ motoi” impulses by the 
lagiis nenes Stimulation ot these neues, iii the absence oi the siilauch- 
nics, results iii a biiet mhibiton phase, lollowed by a use ol tonus and 
a giadual inciease of ihithmic contractions to an extent aboie the iioi- 
mal In all piobabilit}, theieioie, the \agi act on the intestine, just 
as the}* act on the stomach, to pioduce a tonic condition of the neuiomus- 
culatuie In this connection it is inteiesting to lecall Magnus’ ex'peii- 
eiice in stud} mg isolated pieces ol intestine, that the stiips boat moie 
actively when iemo\ed from a noimall>-Jed animal than when leinmed 
fiom an animal tliat was not dnicstinir 

The tonus of the colon is mcieased i)\ the pehie visceial nenes which 
belong to the sacial autonomic system Then aie distiibuted especial!} 
to the distal pait ol the colon Xexeitheless, Elliott and Baiclay-Siiiith 
repoit that stimulation of these nenes lust incieases the tone of the 
mid-iegion oi the huge intestine, and that then antipeiistaltic weaves 
nia} aiise m the legion ot mcieased tone Seieiance of these neives 
causes evident distuibance of the moiemeut of the colon The loss of 
the tonic impulses lesults m accumulation oi feces, and in w-eak and 
sluggish conti actions just as is the case wdien the vagus impulses aie 
removed fiom the esophagus and stomach 

Looking back ovei the evidence heie adduced xve see that double pro- 
vision 13 made foi the establishment of a state of tonic contraction m the 
alimentaiy neuiomusculatuie Almost the entiie length of the digestive 
canal is supplied ivith extiinsic nenes which when stimulated cause an 
increase of tone and wdien destioyed leaxe the canal at first in a toneless 
state And if the canal is entiiely separated from the cential neivous 
system it has a leniaikable powei of developing an independent tome 
state When thus isolated, the canal legains its chaiacteristic movements 
only as it lecovers tone Tonus is theiefore fundamental It supplies 
the resiliency that causes the state of tension xvhen the canal is filled, 

01 establishes the state of tension xvhen the canal is only paitly filled 
The state of tension is the occasion loi the contraction of visceia wdiicli 

20 Bayliss and Starling Joui Physiol , 1899, xmv, 131 

21 Elhott and Barclay-Smith Jour Physiol, 1904, -8^, -S3 
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aie walled with, smooth muscle holding a neive net Eefractormess to 
stimulation during contraction, and giadually increasing irritability dui- 
mg relaxation, result in a rhythmic response to the condition of tension 
The most characteristic feature of the movements of the alimentary 
canal, their rhythmicity, can thus he accounted foi 

The view that tonicity of the neuromusculature of the alimentary 
canal is a fundamental necessity foi the appearance of rhythmic move- 
ments harmonizes many diverse observations It accounts for the failure 
of efficient motility in atonic states of the stomach and intestines It 
gives a reasonable explanation for the existence and importance of 
extrinsic motor neives It is m agreement with the observation that 
tonic contraction and rhythmic peiistalsis disappear togethei m cases 
of general bodily weakness, when the depleted central nervous system 
may be supposed to fail to deliver the necessary tome impulses , it is also 
in agreement with the observation that woiry, anxiety and distress stop 
gastio-intestinal movements, foi such states, accompanied by splanchnic 
impulses, abolish tonus It fits admirably with the fact that the stomach 
of hungry animals is strongly contracted, for then the tonic state makes 
the organ ready for instant action on swallowed food Indeed I am 
inclined to believe, for reasons which time does not now permit me to 
develop, that the sensation of hunger results from tonic contraction of 
the empty stomach These aie only some of the conditions in which 
the importance of tonus for movements of the alimentary canal is mani- 
fested, doubtless other conditions will suggest themselves 
240 Longwood Avenue 
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In 1910 Di Xatlmii E BiilP published a clinical study based on 
211 cases of a disease whicli lie has obseived dming tlie last fomteen 
Acais m the waids ot Blount Sinai Hospital His definition of the disease 
in question is as foUows An acute, infectious disease of unknown oiigm 
and pathology, chaiacteii/ed b} a slioit incubation peiiod (four to five 
da}s), a peiiod of continuous fe\ei, accompanied by intense headache, 
apath} and piostiation, a piofuse and extensive eijthematous maculo- 
papulai eiuptiou, all of about two wceks^ duiation, wheieupon the fevei 
abiuptl} ceases eithci b} ciisis ivithin a few houis or by a rapid lysis 
withm thiee dayb, wheu all symptoms disappear 

Although these cases have been taken ioi tjqihoid fe\ei by the gieatei 
number of Xcw Y'’oik phjsicians, }et theie is no question that Bull is 
light in emphatically stating that this is an incoiieet mteipietation of 
the symptom-complex described He publishes a tabular aiiangement of 
the diffeiences in the clinical pictuies of the tivo diseases, whieh is quite 
convincing, moie impoitant }et is the fact that in none of the 321 cases 
obseiied was a Widal agglutination leaction obtained, and blood-cultuies 
earned out undei the supei vision of Di E Libman of the Mount Sinai 
Hospital weie unifoimly negative Similai reasoning pioves that the 
disease under discussion has nothing in common with the group of paia- 
typhoid diseases, foi in these also agglutination reactions and specific 
organisms have not been obtained, A committee of the Section of 
Medicine of the Hew Yoik Academy of Medicine appointed to consider 
Brill’s communication has agieed with Bull on these points 

Brill then consideis the difieientiation of his sjniptom-complex from 
t}phus fevei, the lesemblance to which he admits, saying that “1 should 
have felt that I had offeied nothing to oui nosolog}’’ if it had not been 
pioved that typhus fevei had lost its virulence, that it was constantly 
present in a community, that it was not communicable, that when it was 
present epidemics of it did not occiii, and that it was no longei a giave 
and fatal disease” ^^But,” he adds, ‘hvith typhus fever as the gi eat 

*Read before tbe Section on Medicine, New York Academy of Medicine, May 

Nathan E An Acute Infectious Disease of Unknown Oiigin, Am 
Joui Med Sc , 1910, p 484- 
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masters of medicine have taught and as I have seen it, such a conception 
would be unjustifiable, theiefoie, I believe this disease not, to be 
typhus fever” 

It IS my pill pose to show in this paper that the conditions which Brill 
demands as the scie qua non of admitting that his clinical entity is typhus 
fevei can be proved to exist, and that the disease in question is in no 
way different from a great number of typhus fever cases observed duiing 
epidemics in countiies in which typhus fever is endemic or from spoiadic 
cases observed in the United States and elsewheie With all defeience 
to the great masters of medicine who have diffeientiated typhus and 
typhoid fevers and have given us the typical description of the foimei 
disease, which desciiption has been repeated constantly since in the text- 
books of countries where typhus fever is unknown or unrecognized, it 
must be noted as a serious omission on Brill’s part to fail to acquaint 
his readers with the views of modem or recent authors who have observed 
cases of typhus fever while possessing all the advantages of the medical 
progress in differentiating othei diseases from them, advantages which 
were absent in the time of the ‘‘great masters of medicine ” The very 
reactions used by Bull in proving that his symptom-complex is not 
typhoid fever, namely, the agglutination tests and the blood-cultures, 
may be named among these advantages 

1 was in active practice in western Eussia foi sis years, during ivhich 
I had the chance to observe three severe epidemics of typhus fever and 
constantly saw sporadic cases of the disease Of course, as the etiological 
factor as well as the special pathology of typhus fever has not yet been 
discovered, it can be diagnosticated only by the clinical course, and the 
more I read Brill’s description, the oftener I listen to discussions of the 
theme, the more inclined I become to identify “Brill’s disease” with 
typhus fever The fairly sudden onset of the affection, the fever cuive, 
the duration of the illness, its termmation, the nature of the eruption, 
the time of its occurrence, the intense headache, the relatively frequent 
occurrence of herpes labialis, the rapid convalescence, the occurrence of 
the disease in patients who have previously had typhoid fever, the 
fiequent enlargement of the spleen, the complications involving the respi- 
ratory tiact, all these I have seen in authentic cases of typhus fevei 
occur ling during epidemics and independently of them 

On several occasions Brill has emphasized the intense headache 
which dominated the clinical picture from onset to convalescence Othei 
observers dealing with typhus fever have laid stress on this point 
Dillingham- states that among 560 cases of typhus, intense headache uas 
the most constant sjonptom It was either fiontal, temporal or diffuse 

2 DilliBgliam, T H Diagnosis of Typhus Fevei, New Yoik Polyclin , 1893, 
p 97 
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ovei the entiie head In a spoiadic case described by Cook^ theie was 
Moleut headache duimg the enliie peiiod of illness, the pam being chai- 
aeteiued by the patient as ‘‘awful” To me this is one of the most 
staking featiiies ot typhus fevci as I have obseived it I lemembei 
especially well an epidemic ot typhus fe\er which ivas accompanied by 
an epidemic of small-po\ In the beginning of the disease, befoie the 
eiuptioii, the mental diagnosis lan fieqiicntly thus seieie sacial pain — 
small-pox, seicie headache — tophus ievei 

In legal d to the skin euiption, I lia\e seen cases ot the maculopapulai 
tipo but likewise olhei cases showing a loseola and petechiai, oi petechias 
alone oi loseola alone In the fust communication, based on seventeen 
cas'^s Biill^ desciibed the eiuption as a loseola In his latei commiini- 
cation, howeiei, he states that at the lime he committed a mistake, the 
eiuption being maculopapulai in all eases In my opinion this letiaction 
IS not necessai} , I ha\e seen main cassos of typhus feier with a loseolai 
eiuption only, coinciding with Bull's eaily cases except that m twm 
jiatients llie eiuption iinohed the lace a^ well as the tiiink and extiemi- 
ties It sliould be mentioned that theie aie lare typhus fevei cases which 
show no eiuption at all, the diagnosis being possible only duiing epi- 
demics Bieinaekn has desciibed such cases and I have likewise seen 
them ilan} ot Dillingham’s- cases had a maculopapulai eiuption, and 
the desciiption of the eiuptions obseived by Claik'' in foity cases which 
occuiied on Blackwell’s Island show many that lesemble Bull’s cases 
and those obseived b} me 

The aftection of the lespiiatoi} tiact was sinking even an cases of 
medium giavity conjunctnitis, coiy/a, bionchitis weie of fiequent oecur- 
lence, and these manifestations m cliildien wdien the eiuption w^as 
maculai caused gieat dilhculty in dilteientiatmg typhus fevei fiom 
measles In giave cases stupoi xvas a maiked featuie among adults, so 
that catheteri/ation, foi instance, w^as fiequently necessaiy even in early 
da}'5 of the disease, otheiwise the neivous manifestations obseived by me 
coiiesponded entiiely wntli those mentioned by Bull I have also seen 
cases duiing epidemics which showed fevei and an exanthem only without, 
any manifestations fiora the neivous system 

In my light and medium cases the disease lasted fiom ten to fifteen 
days, in a few cases not ovei a w^eek and very raiely five days, in giave 
cases up to twenty-one days The teimination wns usuall}’’ maiked by an 


3 Cook, AHA Case of Sporadic Typhus, Lancet, London, ^84, P 676 

4 Brill A Disease Clinically Resembling Typhoid Fever but Without the 

Widal Reaction, New York Med Jom , 1898, p 48 WTiqrawa 

5 Bieiiiacki, E Tjphus Exanthic sine Bvanthemat , Ga^ lek Waiszawa, 

L Some Observations on an Ep.dem.o of Typhus Fovei, Am 
Med Smg Bull, 1894, p 647 
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incomplet© crisis or by a rapid lysis If no complications occurred^ 
patients conld sit up in bed at the end of the fever and leave the bed a 
few days later Thus, convalescence was usually rapid Among compli- 
cations were observed severe bronchitis, bronchopneumonia, pulmonary 
gangrene twice, pleuiisy with effusion twice, rarely true nephritis, though 
febrile albuminuria was frequent In a few cases which ran a fatal course 
diphtheritic sore throat appeared, usually in the beginning of the second 
week Intestinal complications such as frequently occur m typhoid fever 
have not come under my observation On several occasions considerable 
meteonsm was present In nearly all there was obstinate constipation, 
but in summer diarrhea was often present Bull states that typhus fevei 
does not occur in summer, but this statement is only partially correct, 
whenever there was an epidemic m winter, sporadic cases occurred in the 
following summer One of the epidemics in which I was actively engaged 
commenced in February and lasted till August The Berlin^ epidemic 
of 1868 was not arrested until the end of July It is usually assumed 
that patients are made immune by one attack of typhus fever, but I have 
certainly seen a repetition of the affection in the same individuals In 
one case the first attack was mild, the second severe In another instance 
the disease ran a medium course m both attacks 

I will now pioeeed to a consideration of the epidemiology of typhus 
fever, it being my object to present but a few features of the cases I have 
seen Were I to present complete descriptions of my medium and 
light eases, it would amount simply to a repetition of Bulks elaborate 
communication 

Let us first approach the question whether typhus occurs only in 
epidemics, and the answer is by no means Typhus is endemic in many 
distiicts of Eussia, so that sporadic cases are of constant occurrence 
there In many other districts where hygienic conditions are very favor- 
able, typhus fever is but little known, and if sporadic cases do occur, they 
are of a mild character As examples of such localities may be mentioned 
the Baltic provinces of Eussia and Finland When sporadic cases run- 
ning a mild course, and consequently not accompanied by any mortality, 
occur in large cities they aie usually not recognized These cases are 
generally designated as an ^'uncertain kind of tj'^phus,” in other woids, 

“a disease of unknown origin ” If one has observed typhus cases in the 
neighboring small towns, the conviction is soon forced on him that the 
sporadic cases in the large cities have been of the same character Small 
towns are, in my opinion, in a more favorable position for the study of 
the various types of typhus, one of the reasons being that the entire 
clinical material passes through the hands of but one phj'sieian, as fre- 
quently IS the case in Eussia 

7 Obermeier, O Die ersten Falle und der Character der berliner FlecK- 
typlius Epidemie von 1868, Berl klin Wchnschr , 1873, p 349 
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Typhus IS endemic not only in Russia, but also in many otliei coun- 
tries Yiicliow® assumed that the endemic typhus of the Slav countries 
led to the epidemic outbreak m Berlin in 1867-68 Why endemic diseases 
do not lead to epidemics every day cannot be decided Howevei, accord- 
ing to Virchow, a special predisposition in the locality and, peihaps, the 
coopeiation of accidental conditions may be lesponsible. According to 
iluichison,” many epidemics oiiginate from local contagion which may 
have been pieseived m an endemic way, oi may have appealed because of 
hunger and diit among the inhabitants 

The last epidemic in Bieslau, accoidmg to Leonhaidt,^° came to an 
end m July, 1879 In the following jeais spoiadic cases of typhus fever 
occuiied, which in 1883 increased to thiity-six In 1885-86 not a single 
case occuired, iii 1887 and 1888 two cases each, and in 1892 one case 

In Edinbuigh,^^ in the old town, typhus was piactically endemic at 
one time Theie was not a single yeai horn 1880 to 1893 without typhus 
cases 

Vachei,^- speaking of tj'phus epidemics m Ii eland, said that the 
affection was not lecogmzed foi months, as the ph}sicians did not know 
anytnmg about the disease Accoidmg to him, defective medical educa- 
tion 13 responsible foi this state of aliaiis, and no time should be lost to 
remedy it Typhus, he sa}s fuithei, is not laie, and in large uiban 
centeis, ivhere the medical schools are situated, sufficient cases foi clinical 
instiuction can be found if looked foi 

In Italy and Bohemia the aflection is likewise said to be endemic 

Occasionally m the liteiatuie tlieie are lepoits of sporadic cases of 
typliu'= In 1897, foui cases weie lepoited from San Eiancisco by 
Shanon In two oi these cases the diagnosis was lejected by the local 
boaid of health, which subsequently designated them as typhoid The 
competency of the physician who reported the cases could not be doubted, 
as he had had consideiable expeiience with this disease in Central 
Ameiica Massie,^‘ a country pli 3 Sician, repoited a sporadic case, adding 
that a second case had not occuried m the district In 1897 a few cases 
of typhus weie lepoited in London, and in a few suburbs of the city 

8 Viicliow Quoted by Obermeiei (Note 7) 

9 Murchison Quoted by Obermeier (Note 7) 

10 Leonhardt, M Ueber das Vorkommen von Flecktyphus und Eecunens in 
Breslau, Ztsclir f Hyg u Infektionskiankli , 1897, p 22 

11 Littleiobn and Ker The Outbreak of Typhus Fever in Edinbuigh, Brit 
Med Jour , 1898, p 1704 

12 Vacher, T Typhus and Its Notification (The Lesson of an Epidemic) 

Pub Health, London, 1890-91, p 263 

13 Shanon, N V Occidental Med Times, Sacramento, 1897, p 651 

14 Massie, T A Case of Typhus Fever, But Med Jour, 1898, p 1134 

15 Dudfield, T 0 Typhus Fever in London, Brit Med Jour, 1898, p 40/, 
Lancet, Lond , 1898, p 1016 
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theie ^^ele even small epidemics De Arellano^*' states that typhus fever 
IS not endemic in the capital of Mexico, but is always present in a veiy 
extensive zone in the republic Fiom 1869 to 1891, not a month passed 
but cases of typhus occurred in Mexico, although epidemics in that intei- 
val have been lepoited only from 1873 to 1877 

These facts show that in many paits of the world typhus is endemic 
The epidemic in Edinbuigh, in 1899, proved that aftei eighteen years of 
immunity an epidemic can occui From this the conclusion may be 
diawn that in a community t 3 ^phus may be present for a long time with- 
out leading to an epidemic 

The histoiy of typhus epidemics in blew York pioves that the disease 
occuiied epidemically only after certain fairly definite intervals 

The first considerable epidemic m blew York was in 1847, following 
the lush famine of the same year, in 1861 the disease was again intro- 
duced by Irish immigrants, and did not finally disappear until three years 
had elapsed Since that time it has been twice mildly epidemic in the 
city, in 1881 and again in February, 1893 In all these instances the 
fevei was brought to this country fiom regions where it is endemic In 
the opinion of Branan and Cheesman^'^ t 3 'phus had never become 
endemic in Hew York, but has alwa 3 '’s disappeared when suitable h 3 ^gienic 
measures were instituted 

Janes^® asks how it is that the outbreak of typhus occurred in blew 
York in 1881, after an absence of the disease for about fifteen years It 
was believed by some at the time that it was brought by tramps from a 
city in a neighboring state where a number of cases had previously 
occurred, and this explanation seemed reasonable, although it was never 
shown to have been the case He believes that in all probability the first 
case was a mild, unrecognized one, and was probably followed by others 
equall 3 ^ mild This state of affairs, according to Janes, must have 
extended over a considerable period, until a resident phj'Sieian in Eiver- 
side Hospital suspected typhus fever in one case His diagnosis was 
confirmed by Dr E G Janeway, at that time health commissioner After 
the announcement of this case the epidemic became evident Thus we 
see that Janes, eleven years previously, was not so optimistic as Branan 
and Cheesman He believed that in Hew Yoik typhus might be an 
endemic disease 

Bulks observations commenced in 1896, but one 3 '^ear before that, 
Hubbaid,^® of the Eiverside Hospital, Hew York, reported “cases simu- 


16 de Arellano, N R Etiology and Piophylaxis of Evanthematicus Typhus, 
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lating phus ” Why this authoi thought that his cases only simulated 
typhus and weie not the leal disease is unintelligible to me aftei having 
thoioughl}'" studied his communication 

As an impoitaiit leason foi legaiding the disease as '^of unknown 
oiigin,” that 13, a clinical entit}- and not as typhus. Bull mentions the 
absence of fatal cases at the hospital Since his communication fiist 
appeared, liOMe\ey tliiee latal cases have been lepoited 

The moitality of typhus epidemics has consideiably deci eased through 
impioved Ingienic conditions and modem sanitation, but, of couise, this 
moitality will alwa 3 s depend on the unknown ‘^genius epidemicus,” as 
13 the case in othei intectious di'seases 

The Bu'^sian piison typhus still sliows consideiable moitality, peihaps 
as high as has been stated b} the masteis of medicine foi the t}phus fever 
111 then time Viach (1909, p 391) makes the following statement 

T\phus in piisons is not an 'iccidental inanifestation, those institutions being 
tlie biitli-plaee of the disease It is the pioduct of oiii piison conditions Tiue, 
the overcrowding of the prisons has not coinnienced ycsteiday, but it inci eases 
e\eiy jeai Since thej ha\e ne\ci been empty, and new inmates aie constantly 
arriving, the cells can ne\ei be thoroughly cleansed, much less disinfected w’lien a 
prisoner falls ill llie prisoners stiive even in the metiopolitan piisons, unless 
they leceive inonetaij help fiom outside 


Viach (1909, p 1-10) lepoits as follows ^^A typhus epidemic broke 
out in a piovmcial piison, in which 1,317 piisoneis have been crowded, 
although there was hardly loom ioi 300 

Under these conditions a moitality of ovei 50 pei cent may be 
expected In these pii'Jon epidemics, muses and physicians succumb even 
at the piesent time The moitality in hospitals and private houses is, 
howuvei, not as appalling I have no exact statistical material at hand 
fiom my three typhus epidemics, but I may state that the mortality was 
from 6 to 9 per cent In one of my typhoid epidemics I have had a 
larger moitality (10 per cent) than m the epidemics of typhus fevei 
This, of couise, is easily explained by the fact that dietetic rules cannot 
be earned out as carefully in private practice among the poor, as in hos- 
pitals Bigoious diet is not of such great importance in typhus as in 
typhoid fevei, because in the lattei intestinal perforation and hemorrhages 
from the bowels are to be apprehended, which is not the ease in the other 
disease 

In eastern Prussia-® the mortality amounted to 10 25 per cent in the 
years 1868-69 Tcheiepim^ reported on the typhus epidemic in St 
Petersbnig during 1903 and 1903, as follows “Jsi a peiiod of seven 


20 Seliger Die Flecktypliusepidemien in dei stadtischen Krankenanstalt, 
z Konigsberg, i Pi , Beil Kim Wclinsclir 1888, p 1028 

21 Tclierepm, S Die cliai acteristisclieii Eigentlmmlielikeiten der 
typlmsepidemien in Petersbmg im Jahre 1902 3, St Petersb med Wchnschr , 
1904, p S2 
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months 428 patients weie treated in the hospital barracks The majority 
of the patients belonged to the indigent classes, the mortality was 8 6 
and 9 5 per cent , respectively ” 

In my sporadic cases there was rarely a death, as the majority ran a 
mild or medium course 

Dillmgham^ gives a description of ‘^so-called typical cases” of typhus, 
in which recovery took place, and if they are carefully analyzed and com- 
pared with Brill’s cases, the identity will be apparent Brom Little- 
john’s^^ statistics of endemic eases in Edinburgh it will be seen that from 
1880 to 1889 the mortality was 28 per cent, from 1889 to 1898 only 

14 per cent 

In less than ten years the mortality in Edinburgh was reduced by one- 
half The mortality in my three typhus epidemics was small, possibly 
because most of my patients were Hebrews My observations have shown 
that Hebrews are usually attacked by mild and medium forms of the 
disease and that the mortality among them is relatively lower than in 
other races As most of Bull’s patients were Eussian Jews, the mild course 
and the low mortality may perhaps be explained from this fact Of 
other races, a low mortality has been reported by Couseil-- among Arabs 
During the typhus epidemic in Tunis, in 1906, there was a mortality of 
only 5 4 per cent , and the affection showed a relatively mild course among 
the Arabs Eor this reason the diagnosis of sporadic cases among them 
was difficult Gouirier,-^ in 1903, did not have a single death in nine 
typhus cases among the Arabs This opinion of the mild course of typhus 
fever among the Arabs is also shared by Franco These facts are per- 
haps of importance in Brill’s cases, because his patients belonged to a 
race m which the course of the affection is much milder even during 
epidemics 

The most impoitant argument which Bull presents is that the disease 

15 not communicable, and up to a short time ago it was very dilEeult to 
di'^cuss this argument He writes 

One of the nurses in training school, who, in Decembei 1896, went through a 
severe typhoid infection, was attacked six months later with this disease, though 
at that time there was no other case of this disease in the hospital or training 
school She was the only person I have seen developing the disease ivithin the 
hospital 

Contagiousness, however, is a relative term Such factors as unfavor- 
able hygienic conditions and individual predisposition play an important 
role It may surely be assumed that the contagious substance remains in 
the hospital and that many patients were not affected simply because they 
were not predisposed to the affection This nurse had had typhoid fevei 

22 Conseil Le typhus exanthfimat en Tunisie, 1906, These de Pans, 1907 

23 Gourrier Quot from Conseil 

24 Franco, F These de Pans, 1903-1904 
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SIX months pievioiisly, and tins may have been the deteimining factor 
I have obseived many cases of typhus fevei in patients who had had 
typhoid in the same yeai A house physician of the Mount Sinai Hos- 
pital told me that the hospital possessed the histoiy of two membeis of the 
same family who had become infected with BiilFs disease Wanen Cole- 
man observed the affection in four members of the same family in Bellevue 
Hospital ^ Dr Lewis A Connei told me of thiee sisteis in the New Yoik 
Hospital who almost simultaneously contracted the disease But even all 
these cases do not demonstiate diiect contagiousness I do not think that 
contagiousness, except in the piesence of uniavoiable conditions or of pie- 
disposition, or both, has evei been positively demonstiated There is to my 
knowledge in the entiie liteiatuie only one case (this, however, is veiy 
instructi\e) of typhus fevei tiansferred by inoculation fiom one individual 
to auothei, the authoi, Motsehutkowski,-® having made the following 
experiment on himself Fiom a patient suffeiing fiom tjphus he obtained 
a little blood thiough a small skin incision, he inoculated himself with 
this and eighteen days later developed a typical typlius fevei which took 
a similar course to that in his patient Since this author had treated 
many tj'phus patients foi foui jeais without being affected, he concluded 
that typhus can be inoculated and that the infectious agent must be in the 
blood I mention this case believing that it is singulai m the literature 

Theie is haidly an infectious disease, the spieading of which depends 
so much on the hygienic conditions as is the case in typhus fever Well- 
to-do people, or individuals who can affoid the comfoits of life, are not 
greatly sub3ect to the infection The disease, however, easily spieads in 
the dw’ellings of the pool and in lodging houses where there is bad air 
and little light 

BrilFs cases were obseived in the wards, not in the piivate pavilions 
of the hospital Consequently, his cases came fiom the poorer classes, 
that is, from New Yoik tenement houses In buildings of this descrip- 
tion several inmates are usually affected by the disease during epidemics, 

Palatial residences, which aie not secure from typhoid fever, scarlet 
fever and measles, aie nearly always immune to typhus In fact, during 
epidemics I have very laiely seen typhus among the better class of 
patients, and if m rare cases it did occur usually no other member of the 
family became infected, although no precautions in the way of isolation 
weie taken Whoevei is acquainted with these facts will not be surprised 
that in the well-ventilated wards of the Mount Sinai Hospital, and other 
equally well-equipped hospitals of New York, nurses, physicians and 

other patients have not been infected 

In m3 town, in a small, well-equipped hospital, where during epidemic 
years there weie many patients with typhus fever, as well as a few in 

25 Motschutkowski Ueber die Ueberimpfung dei Flecktyphus, St Petersb 
med Wchnschr , 1900, p 30 
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other years, I never observed rnfectron of nurses or patients I, myself, 
have been rnfected wrth typhord and Asiatic cholera, but never with 
typhus, notwithstanding the fact that I came in close contact with 
patients during three epidemics 

StiumpelP® says “In the w^ell-veniilated barracks of the Leipsic 
Hospital eases of infection with t 5 'phus fever of physicians, nuises oi 
patients have only been isolated ” 

Yet Stiumpell speaks of epidemics, Brill of sporadic cases of “acute 
infectious disease ” Wyckoft,-" refer i mg to the epidemic of typhus fevei 
in Hew York in 1892, reports “that the medical and inspecting staffs 
weie spared Of the nurses and sanitary police three oi four only have 
contracted the fevei and no one died 

According to Little] ohn,^^ during an outbreak of typhus fevei in 
Edinburgh, seventy-eight cases were treated at the hospital in a few 
months Hot one of the staff who came into contact with the disease 
caught the fevei Statistics prove that typhus is not more common amid 
the dwellers of the houses in the vicinity of the Juaiez Hospital in 
Mexico, than among those who dwell in other quarters of the city 
According to Arellano,^® at thei said hospital, where there are alwavs a 
great number of typhus cases, the disease does not spread among the 
patients who are in other wards of the same establishment 

Want of cleanliness, insufficient food oi food of bad qualit}q fatigue 
and moral depression are, according to Biena, predisposing factors in 
the spread of typhus 

The disease has undoubtedly lost its virulence on account of good 
hygienic conditions and thorough modern sanitation It is no longer to 
any extent a disease of important centers of population served by efficient 
sanitary staffs 

It now scarcely ever attacks the well-to-do who live in good houses 
The fear of its assuming a wide-spread epidemic character no longer 
exists It cannot at the present time even be called a prominent danger 
to armies in the field, or to beleaguered towns But the disease still exists 

The diagnosis of typhus, according to Mahon,"® is seldom made, oi 
made only when the disease has become more oi less epidemic The name 
“influenza” covers a multitude of diseases 

26 Strumpel, A Specielle Pathologic und Therapie dei inneren Kiankheiten, 
1889, 1, 43 

27 Wyckoff, E M The Eecent Incuision of Typhus Fever at A^'ew York, 
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28 Brena, T Eough Notes on the Etiology of Typhus Fevei, Am Pub 
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29 Mahon, E B The Causes and Management of Outbreaks of Ijpims 

Fevei in Eural Districts, Joui State Med , 1899, p 394 
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Befoie ]\Iatignou^® came to Pekin, theie wab no t 3 phus fevei but a 
fihie de Pehn which this author lecognized as the European t 3 ^phus 
fevei The piedomiuating S 3 mptom in these cases was again intense 
headache 

How mild some of these cases ma 3 be is shown by a case of another 
autlioi,"^^ ivho wiites 

Theie are even ainbiilatoi^ cases, m spite of high fevei, piostration and 
cephalalgia, the patient can walk A Chinese, sick foi five days, with a tem- 
peratnie of 10 4 C (1017 F ) came on foot from a distance to the French lega- 
tion to ask foi a consultation and was able to walk to the hospital, a distance of 
about 2 5 kilometeis, oi about a mile and a hair 


Elom this case it may be seen how difficult it may be undei ceitam 
eiicumstances to make a coiiect diagnosis in sporadic cases 

I now come to the discussion ot the Manchmian t 3 'pe of typhus 
S S Botkin obseived in the Pai East a peciiliai typhus with eiuption 
but without moitalit 3 oi contagiousness The pathological anatomy could 
not be studied, because theie was no mortality When the author lead 
a paper describing his ini estigations, he found that the affection was 
knowm to the local ph 3 sicians, who called it Manehuiian typhus Duiing 
a discussion befoie a St Peteisbuig medical society, a physician, Di, 
Popoff, stated that he had likewise seen such eases in Waisaw, Poland 
S S Simnitzky^- reported two house epidemics of Manchiiiian tvphus 
fevei in 1907 and in 1908 In both instances the lodging-house and 
piison of Harbin wTre visited by the disease The fust time five persons 
weie affected, the second time nine According to this author, the disease 
has only slight tendency to spiead and caused but slight moitality 
B A Baiikin"-^ states in legaid to the ^‘so-called Manehuiian typhus,^' 
that during epidemics of typhoid and paratyphoid theie are occasionally 
cases wdiich in Europe aie regarded as t 3 'phus, but they aie distinguished 
by slight nioitalit}'’ and slight contagiousness 

HoiiuchP^ succeeded in cultivating from the feces, and in a few cases 
also fiom the urine of patients, a well-chaiacteiized bacillus ivliich, fiom 
its agglutination with the serum of the patient or of others affected wuth 
the disease, seemed to him to be the specific pathogenic factor of this 
affection 


30 Matignon, J J Le typluit, des Euiop4ens a P6kiii, Joui de mSd de Boi- 
deaux, 1896, p 437 

31 Matignon, M Le typhub a P6kin, Aich de mM et Pharm mil, 18 
p 12 

32 Simmtzky, S S Pfisski Viacb, 1907, No 49 

33 Barikin, B A Rus&ki Vrach, 1909, No 2, p 46 ' 

34 Horiuclii, T Ueber einen neuen Bacillus als Erregei ernes exantliemati- 
seben Fiebeis m dei Mandseliuiei waluend des japaniselie russischen Arieses, 
Centialbl f Bacteiiol , xlvi, 586 



438 


TEE ABGEIVE8 OF INTERNAL MEDICINE 


Eicketts and Wilder^® quote and publish the most recent observations 
of the contagiousness and transmissibility of typhus fever and of related 
infections According to them, Nicolle and his associates have shown that 
typhus could be transmitted to the chimpanzee by the injection of the 
blood of human patients and then the disease could be transferred from 
the chimpanzee to the macacus monkey In the latter species it could be 
propagated by the ordinary body lice 

Spotted fever is a disease which, to judge by the descriptions, has 
a great deal in common with typhus fever This disease has been specially 
studied by Eicketts and Wilder, who have shown that it is not contagious 
at all, being tiansmitted by the bites of certain species of ticks, so that 
the presence or absence of this variety of insect determines the state of 
the disease in any locality So far as Mexican typhus, or tabardillo, is 
concerned, these authors are of the opinion that lice are probably the 
means of transmission of the disease The flea is excluded from serious 
consideiation because the season of the greatest prevalence of this insect 
does not coincide with the prevalence of typhus, while individual cases 
observed by them seem to absolve the bedbug from all blame in the matter 

The words of these authors®" in leference to typhus fever deserve to be 
quoted literally, as they are very much in accord with the views defended 
m this paper 

It IS a peculiar fact that the conception of contagiousness has adhered to 
typhus up to, and including, the present time Yet, in view of the facts that 
typhus, when endemic in the city, remains rather strictly segiegated in the poor 
quaiters, and that more or less intimate contact is required for transmission, it 
IS manifest that contagiousness, if present at all, must be of peculiar character 
and of low grade Typhus has never overwhelmed a whole city as small pox did 
again and again in former times In recent years, however, belief in the theory 
of insect transmission of typhus has extended widely, as affording a better 
explanation of the epidemiological features of the disease 

If Hicolle’s results in transmitting typhus by means of lice be pio- 
visionally accepted, they throw additional light on the apparent immunity 
of BrilFs ward patients to the infection from neighbors suffering with the 
disease he has described It is well known that lice rarely travel from 
bed to bed as fleas and bedbugs do, more intimate contact than mere 
proximity is required for their migration and, with it, for the trans- 
mission of any infection they may carry It may be accepted that 
the wards of the Mount Sinai Hospital show no exceptions to these 
obseivations 

I cannot enter here on the details of the clmical picture, but from 
descriptions the Manchurian type of typhus seems quite similar to Brill’s 
and to the mild and medium cases which I have seen in European Russia 

35 Eicketts and Wilder The Typhus Fever of Mexico (Tabardillo), Jour Am 
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The vaiious obseivations, both personal and taken from recent medical 
liteiatuie gatheied in this paper, show that the symptom-complex 
desciibed by Brill is identical with that of the mild and moderately severe 
cases of tj^phus fevei In other woids, his cases are not a new ‘^clinical 
entity” bnt examples of an old though nowadays bnt imperfectly Imown 
disease Typhus contagmm, too, may always exist in a community yet 
not necessaiily lead to an epidemic at any definite time, for innumerable 
local conditions may be the deteimming factois in the development 
of an epidemic Wlio knows but that the cases '^simulating typhus” and 
reported by Hubbard and Bull are not direct descendants from the cases 
of the epidemic of 1892^ 

In any case, meie diminution of mortality and contagiousness should 
not lead us astiay, foi it is impossible to estimate the effect of modern 
h}gienic and sanitaiy piecautions on the character of such a disease of 
filth, hunger and poverty as t 3 fphus fever Moreovei, fatal cases have been 
observed by Bull in patients tieated under the best conditions, that is, 
m the hospitals, and the mortality of from 6 to 9 per cent observed by 
me m the general practice in a small Hussian town does not then appear 
so greatl} diffeient The fact that mostly Hebrews were affected among 
Bulks cases must also be remembered, the statistics I have mentioned in 
discussing tj^phus among the Aiabs shows how important are the racial 
peculiarities in this connection 

Of course, time alone will decide the question of properly classifying 
the s} mptora-complex so ably observed and described by Brill In the 
meantime, however, it does not seem to me to be part of wisdom to retain 
his nomenclatuie of a "disease of unlmown ongm,” but rather call it 
Hew York typhus, 3 ust as the typhus of Pekin and of Manchuria has 
been named This would go far in calling the attention of physicians to 
the clinical picture concerned, and, moreover, not connote something 
surely rare and unusual The name "typhus” need cause no panic, as I 
have tried to show in the preceding pages, for it is no longer equivalent 
to the terrif 3 ang news, Hannibal ante poitas Modern conditions have 
robbed this scourge of mankind of much of its tenor 

CONOLUSIONS 

1 Typhus fever occurs sporadically in many regions 

2 Mortality from t 3 ^phus fever no longer reaches the high figures 

quoted by old observers of the disease 

3 Typhus IS little contagious Avherevei good ventilation, abundance 

of light and good h 3 ^gienic conditions exist 

4 Epidemics of typhus may occur at very infrequent intervals even 

where the disease is endemic 

5 BrilFs symptom-complex is identical ivith mild and moderately 

severe cases of typhus fever 

123 East Nmety-Fifth Street 



COEEELATION OE CLINICAL PEOGEESS WITH THE 
EESULTS OF IMMUNOLOGICAL STUDIES IN 
PULMONAEY TUBEECULOSIS 

ALFRED H CAULFEILD, MB 

GRAVENUUBST, CAN 

One of the most stiiking featuies of tubeicnlosis is its clinical 
vaiiation Thus, if one is given a picture of the amount and kind of 
anatomical involvement, one can form but little estimation of the 
piobable duration of the infection, its past variations or futuie possi- 
bilities, and one fiequently finds that, if to this theie be added the results 
of the general clinical inspection and as accurate an anamnesis as it is 
possible to obtain, the caieful observation of some weeks is further neces- 
sary before one feels acquainted with the type of case, which even yet 
may develop uneApected traits Intuitively, one may feel indefinite 
indications which may or may not be subsequently verified Of course 
these statements are comparative, and like all such ;n medicine depend 
to some extent on the clinical experience and judgment brought to bear 
on the case , but under any circumstances these considerations seem to be 
distinguishing features of this infection 

These peculiar it] es help complicate both the diagnosis and prognosis 
and are chiefly concerned with the resistance of the patient It is on 
the type of resistance that I wish to present data Before attempting 
this, it seems necessary to consider also the unusual range of tuberculous 
infections Eoughly, we have the clinically normal case which gives 
tuberculin reactions, involvement of glands, serous membianes, skin, etc, 
which apparently remain confined to these structures, the variations of 
pulmonary tuberculosis, and finally the typical miliary tuberculosis oi 
tuberculous septicemia 

Now the various immunological procedures that have been meant to 
aid diagnostic oi prognostic values even in pulmonary tubeiculosis have 
been confined to ceitain distinct types, but in the mam, it has been the 
results obtained with the "normal” that have prevented the general 
acceptance of the tests in purely clinical work Usually the tests fail 
to give 100 pel cent positive results with cases, and they involve the 
normal as well, so that the general verdict is Of what use aie they in 
doubtful cases in which they are most needed^ It is probably not the 
pioeeduies that are at fault, but rather oui method of apjilication 


*Froin the Pathological Department of the ITational Sanitarium Association 
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Agglutination, the pieeipitin and tubeiculin reactions, leukocytic and 
opsonic estimations sliaie this disadvantage 

It liowevei, one uses these methods not as an aid to diagnosis oi 
piognosis at fiist, but lather to demonstiatc evidences of the biological 
state — as one would use the various methods o£ a ph}sical examination 
of the chest to depict the anatomical involvement — the results assume 
not only an inteicsting but a valuable foice Obviously, the biological 
state, if demonstiated and undeistood in its entiiety, must precede rather 
than accompany the anatomical involvement The clinical response's are 
due to the biological raiiatious 

As a means of showing these biological variations I shall piesent 
ceitain pioceduics,^ which will frequently be lefeiied to foi gieatei detail, 
all oi wdneh have been earned out on fanly large numbers of cases, and 
fuithei attempt to eoiielate the results of these wrth certain clinical 
lecogiiitions 

I lUIlEItCULIN IinVCTIOX 

1 A po«itne lesiilt means onl} that the subject has been exposed to 
tuber eulous infection and has reacted biologically This specific state 
lasts foi a railing period in both clinically normal and tuber eulous sub- 
jects Ceitaiii cases of pulmonary tuberculosis alter rears of infection 
may still show this maikedl} This state may be taken as evidence of 
one pait of the mechanism of resistance, and by itself can demonstiate 
onlr approximately the piesoncc oi absence of those bodies coneoinecl nr 
rts production 

2 A negatire result presents thice considerations 

A No exposuie 

B Loss of =ensitir eness 

C Aneigy — the derelopment of a condition refractory to tuber - 
culm (comparable to the antianaphylactic condition iir anaph- 
ylaxis) 

It IS not airvars possible to distinguish, m cases giving slight reactions, 
between the second and thud types When loss of sensitiveness is taking 
place, it represents a partial victory by the infection against the host, 
and the accompanying clinical correlation probably depends on the extent 
to rvhich the particular patient is utilizing the bodies concerned in the 
reaction for maintenance of life This can sometimes be approximately 
gauged by the estimation of other resistance products The refractory 
condition does not seem to represent an infection victory but lathei the 
reverse It is not only convenient to take this tentative hypothesis, but 
apparently true clinically 

II COXIPLBMENT DEVIATION 

Complement deviation must be considered in both a specific and non- 
specific light As the former it is the true Boidet-Gengou phenomenon. 


1 These have been published in the Jour Med Eeseareh, xmv, No 1 
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as the latter it is exemplified by the Wassermanii reaction for syphilis 
Probably the results obtained in tuberculosis are influenced by both fac- 
tois. but accepting a certain type^ of positive reaction as evidence of 
tubeiculous sensitizers, the following statements can be made 

1 It IS not obtained in the clinically normal giving tubeiculih 
reactions 

2 Its presence in the tuberculous is usually found among the more 
unfavorable type 

These facts as well as other considerations suggest two theoretical 
conceptions either tubeiculous sensitizeis are not produced by favorable 
cases and ‘^normals” showing tuberculm sensitiveness, or they are pro- 
duced, though their presence is in some way masked 

III INHIBITIVE EEACTION 

In attempting to solve this problem it became possible to show with 
the serums of certain favorable eases not giving evidence of sensitizers, 
an antigen-serum combination or effect that is non-attractive for com- 
plement Consequently, with the technic of the deviation test complete 
hemolyses results ^ This reaction capacity can conveniently be termed 
inhibitive For purposes of expression only, it is* convenient sometimes 
to speak of such inhibitive-reactmg serums as containing inhibitm 
Further, if such antigen-serum mixtures are again treated by a sensitizer 
serum, the end-iesult of complete or no hemolyses can be shown to depend 
on the relative strength of the opposing seiums 

IV INDIEEEKENT KEACTION^ 

Fiom the technic employed, a third type of serum becomes evident in 
that there is no evidence of either sensitizers or inhibitin This can 
conveniently, for these purposes, be termed ^indifferent” (or Class III) 

From the results of the immunological procedures so far dealt with, 
one may tabulate the following demonstrations 

1 By tuberculin reaction 

A Allergy or marked sensitiveness (host defense) 

B Loss of sensitiveness (infection victory) 

C Anergy or refractoiiness (host defense) 

2 By complement deviation and its modification 

A Complement fixation — tuberculous sensitizer (Class II) 

2 This has been to some extent discussed (Jour Med Research, see Note 1) 
and will be dealt with again in a later publication 

3 As outlined in the previous paper the inhibitive serum effect becomes dif- 
ferentially demonstrated when employed with strengths of antigen, which of them- 
selves non-specifically fix complement With true antigenic strength, no more is 
demonstrated than that these serums do not fix complement For practically all 
this work an alcohol ether extract of the bacillus has been used as antigen 
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B Inliibitive leaction — mlnbitm (Class I) 

C Indifferent leaction — (Glass III) 

1 Con elation of Goiain Clinical Consideiakons with Tuheicuhn 

Reaction Results 

A Onset — Typically this is acute with cases showing marked sensi- 
tiveness, a histoiy of Avhich has never been obtained in my compaiatively 
few definite instances of lefiactoiiness 

B Duiaiion and Inuolvenient — With inciease of involvement usually 
sensitiveness tends to disappear, and as a geneial rule with length of 
duration also Theie aie, howevei, instances of maiked sensitiveness 
being maintained throughout a long peiiod (thiee to five yeais) of infec- 
tion with extensile involvement In a few instances, considerable varia- 
tions of sensitiveness have apparently obtained throughout the course of 
the infection 

C Vaiiation — When this is maiked and acute with regard both to 
clinical response and anatomical involvement, it has in my observation 
been confined to cases showing maiked sensitiveness The reverse also 
obtains, viz, definitely refractory cases do not show maiked oi acute 
clinical variations of response and anatomical involvement 

D Geneial Prognostic Values — Loss of sensitiveness is likely to be 
followed by retrogression, as has been outlined already in the theoretical 
remarks on the tubeiculin reaction Not all cases showing maiked sensi- 
tiveness 01 lefractoimess, however, can be classed as favorable without 
further disci imination by the results of the following reactions It 
would seem that the results of this additional biological discrimination 
harmonize with certain opposing obsei rations on the prognostic value of 
the different tubeiculin reactions 

2 Coil elation of Ceitain Clinical Consideiatwns with the Reaction of 
F nation (Tiibei culous Sensitizers) 

A Geneial Tendency — ^TJsuall} they aie cases of doubtful tendency 
and extremely liable to acute and sudden clinical outbreaks with often 
corresponding alterations in the anatomical involvement As fai as can 
be judged, all show tuberculin sensitiveness, usually this is marked 

B Temyeiatuie—TYas is frequently pionouneed in the outbreaks 
Biom considerable oppoitumty for observation where this has not been 
checked by continued, even absolute, rest in bed and by contrast 
reverse treatment, it would seem that in these cases a repeated ® 

even 99 P should be checked by rest m bed, and if this is not effectual 

the rest should be made absolute 
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0 Vat lations in Piogiess — One case (864:^) has come under obser- 
vation in which the fever and retrogression of the case eventually became 
beyond control, resulting in early death This patient with considerable 
irregularity in hei fever chait, with frequent records of 100 T and more 
01 less often 101 F and 102 F , alternated at first fiom periods of some 
rest in bed to the activity of being up and about Biological observations 
weie repeatedly made, and latterly as the seventy of the clinical response 
became more marked, it appealed that the sensitizer content increased, 
with concomitant loss of thermolabile quantities in the serum This is 
the only case beginning with slight involvement that has run a rapidly 
fatal course when these routine biological procedures were performed, but 
from certain othei closely related immunological tests it seems fan to 
infer that these conditions were present in two other cases with similar 
histones This conclusion is stiengthened by several incomplete observa- 
tions such as the following Case 1761 was referred to the laboratory as 
an instance of more or less frequent onsets of temperature, had been 
classed as Tuiban Stage I in April and on the second subsequent exami- 
nation in October as Tuiban Stage II with increased activity Three 
tests at different times showed the presence of tuberculous sensitizers 
Since the earlier observations made on cases, many of which have 
given very distinct indications toward early and fatal teiminations, it 
has become evident that favorable local progress may occur in these cases , 
but in every instance in which this has occurred, rest has carefully been 
enforced In this connection the following case may be reported 

Case 1052 has shown remarkable power to “clear” (spring 1909) without 
retraction, the anatomical condition fiom a Turban Stage III of marked activity 
of at least a year’s duration About a year later, after a prolonged setback 
during which time this serum content was present, striking retraction of the 
chest resulted The reaction was last obtained early in June, 1910, since then 
the temperature has gradually subsided and the general ivell being has gradually 
improved Since August, 1910, the charts have shown a piactically afebrile 
condition At this date, the chest for the first time showed some evidence of 
fibrosis, although unfortunately it was impossible to carry out the biological tests 
Later, in November, the letraction had become marked with improvement in the 
physical signs, and for the first time there was no evidence of the sensitizei con- 
tent, although the tuberculin sensitiveness was as marked as at the first estima- 
tion The condition of wellbeing and lack of clinical response at both favoiable 
periods are indistinguishable, the type of local improvement and the serum reac 
tions alone are different 

Two othei eases which illustiate vaiiations that have been fully 
followed are as follows 

Case 1169 — Aug 10, 1910 A man aged 22 General appearance at present 
not good 

Weights — Admission, 158, normal, 170, 145 at 15 years, present 174 

History — Diagnosis was made May, 1909, when the patient entered a hospi 
tal for bronchitis, he had not felt w'ell for a greater part of the year, particularly 
in January when he stayed m bed wuth fever without medical attention Aftei 



ILF RED U CAULFEILD 


44o 


diagnosib, the patient, on leaving the hospital, icsnmed noik and felt nell till 
August, at which tune he was taken quite suddenly with fevei With moie oi 
les'. lest he iuipro\ed, began woik in Octobei and continued till Jannaiy, 1910, 
when a second bieakdow'U occuiied He entered a sanatoiium Januaiy, 1910, as 
Turban Stage TI, niodeiatelj advanced lie w'as dischaiged Feh 8, 1911 The 
institutional chaits show \auatioiis but no inaintained unpiovement Appaiently, 
theie was in incieasiiig nunibei of slight outbieaks from June till Noveinbei 
Ft 0111 Xoienibei 7 till Deceiubei G the temperature lecoid shows an iiiegulai 
ciu\e with several legisteis o\er 100 F, dining wdiich time the patient might be 
‘■aid to bo on nioie oi les-, rest in bed Fiom Decembei 7 till Januaiy 5 theie is 
no legistei above oi much below' 9S F On Januaiy 3 there is a faiily distinct 
Cline leaching 101 F, which icutenoss subsided Januaiy 10 Januaiy 13, abso- 
lute rest was entorced 

The following biological dita luue been obtained 
Xov 3, 1910 Class 2 ('lubeiculous sen-.iti/ers) 

Xov IG, 1910 Chiis 2 ('lubeiculous sonsiti/ois) 

Jail 3, 1911 Class 3 (mdiffeient leaction) 

Jan 14, 1011 Class 2 (tiibeiculous sensiti/ers) 

Feb 3, 1911 Class 2 (tuberculous seiibiti/cis) 

From the biological woik it seems impossible to lepiesent giaphically tnese 
coiielations in tlieii exact quantities — if such do exist — but the accompanying 
diagiam may sene appioxim itely to illustiate 

CiSE 1371 — Maich 11, 1910, a man aged 19 Geneial appeaiance faiily good 

Weights — Admission 121, at time of investigation, 134, normal (appiov), 
12G 

IJistO) y — Diagnosis made Aug 3, 1910 The patient, though not confined, 
liad been under treatment foi plcinisy since Apiil, and fiequently examined foi 
pulmoiiaiy iiuolvement, for about a month previous to diagnosis of pleunsy 
lie had not felt well, having nad indefinite chest pains and some shoitness of 
breath 

Institutional Ohaits — September, Tin ban Stage II, moderately advanced — 
light sided lesion with very distinct peicussion and auscultatoiy signs By 
December 31, the ehaits aio maiked clear with the exception of slight signs ovei 
the posteiioi apex and slightly more maiked conditions about the fiont apex 
of the lower lobe The laboiatoiy chait of Xov 22, 1910, shows slight involve- 
ment on the left side as w'ell, a fuitliei anatomical inteipietation was made of 
maiked pleuial involvement 

Biological Data — Novembei 3 Von Piiquet 50 per cent 0 T (10 cnim) 
color 30x30 mm fiom second to fouith day with subsequently gi adual sub 
sidence, swelling coiiesponds and is soft in character 

November 3 Class 2, i e tubeiculous sensitizei seiiim 
Decembei IG Class 2, tubeiculous sensitizei seiiini 

Apparently, steady local as w'ell as geneial inipioxement took place in the 
piesenee of tubeiculous sensitizei s 

Treatment m Particular — Tubeiculin and lest foi a teniperatuie of 99 F 
which has occuried on thiee occasions 

This patient, m contiast to the ineceding, made continued pi ogress and t e 
sensitizei content eventually disappeared 

D General Considerations — These cases, ivlien persistently show'ing 
letiogiession, have given with increase of the sensitizei strength a loss 
of ceitain thermolabile constituents If we base our conclusions chiefly 
on earlier observations, thege cases are extiemely liable to develop 
unfavorable progress, unless rest is carefully enforced With this regime, 
instances have occuiied of stationary and more or less favorab e oca 
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From e to f absolute rest attempted — not quite satisfactorily obtained Ihe 
mark g indicates indifferent serum reaction, h indicates tuberculous sensitizers 

changes, under which cncumstances eventually the sensitizer serum con- 
tent has with temporary exceptions disappeared after, as fai as can be 
3udged, the subsidence of the clinical responses 

8 C 011 elation of Clinical Considerations with the Inhibitive Reaction 

A Early Cases — Patients with slight involvement (early eases) in 
good general condition, nearly, if not always, have given this reaction 
The possible exception is noted chiefly because of the doubtful nature of 
the diagnosis in certain cases that might be included in this class 

B Normals —Glmieal normals giving tuberculin reactions have so 
far all shown some inhibitive reaction, while (few observations made) 
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favoiably progiessmg cases of glandulai and serous membrane involve- 
ment have given this in full 

C Involvement — Quite frequently cases aie found with extensive 
anatomical involvement and signs even of fairly marked activity in 
these cases consideiable work may show no unfavorable effect In all 
these the mhibitive leaction has been present to some extent^ though not 
usually to the full extent 

I) Tempeiatuie — This correlation has been obtained m two some- 
what different fashions In the first method, observations have been made 
to a considerable extent on about twenty-five patients in bed, but for 
various leasons these observations have not been systematically repeated 
Among these, some have shown traces of the reaction, a few have shoivn 
the complete inhibitive reaction, while the immediate progress has proved 
doubtful 01 stationary In every case (with one exception, in which the 
test was not made) these doubtful sub3ects have shown distinct loss of 
tubeiculin sensitiveness The results were almost entirely obtained among 
various types of Turban Stage III involvement, in which the work has 
shown that vaiying amounts of inhibition may be obtained with consider- 
able clinical response and a bare ability to maintain a stationary local 
condffion Theoretically, this does not seem at variance with one^s con- 
ceptions if the reaction is regarded as a quantitative method, indicating 
what seems to be the main type of resistance contents In view of these 
conditions one feels that each case must be considered by itself in the 
fullest manner both clinically and biologically Among these eases with 
febrile tendencies more than elsewhere, there have seemed to be questions 
of internal medicine and surgery with then possible bearing on the 
general welfare of the patient — and also where the involvement is slight, 
questions of diagnosis Occasionally, observations have been made regard- 
ing the beneficial effect of exercise on certain of these cases hitherto con- 
fined, and this is in extreme contrast to my experience with cases showing 
tubeiculous sensitizers These limitations and indications are somewhat 
fully exemplified by the following case 

Case 1109— Aug 31, 1910, a woman, aged 25 General appeaiance, slight, 
tempei amental, model ately good 

Weights — Admission, 117, at tune of investigation, 121, normal, 120 
History — Diagnosis made August, 1910, the patient sought medical advice 
because of slight cough and maiked lethargy which seemed to increase aftei an 
attack of measles in May, the symptoms were indefinitely spiead ovei the preced- 
ing year During the two weeks preceding the investigation, and occasionally 
before, the patient was in bed because of fever 

Institutional Charts — ^Aug 31, 1910 (first examination classed as Tuiban 
Stage I) Eight apical involvement extending in front to third rib and behind to 
well below the posterioi apex, moderate signs of activity noted The second 

examination showed a stationary condition 

Dec 8, 1910 (third examination) ETo signs of activity aie recorded, impair- 
ment of resonance being noted only at both anterior and posterioi apices 
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The louith chart, Feb 22, 1911, shows but slight signs of doubtful charaetei 
Biological Data — Nov 6, 1910 V Pirquet 50 pei cent 0 T (10 cmm) 
maximum color (faint) 30 x 38 mm on fouith day with somewhat more exten- 
sive swelling, soft m character 

Nov 3, 1910 Class 1 — ^ivith veiy slight inhibitive leaction 
Nov IG, 1910 Class 1 — some inhibitive leaction 
Dec 17, 1910 Class la — full inhibitive reaction 

In this instance, the consideiations legaiding questions of internal 
medicine have not been definitely settled so that they need not be taken 
up heie, although foi evident leasons they have to be consideied Chiefly 
on account of the biological findings it was lequested that this ease be 
kept up m spite of the tempeiatuie, and tuberculin was administeied 
The possibility ot the medical complication would not have been consid- 
eied, had not the biological data been obtained Beyond the biological 
evidence the indications pointed toward probable letiogression, until the 
time of the thud evamination , all examinations were made by the clmical 
staff 

The second fashion in which tempeiatuie has been observed has been 
on sub 3 eets moie or less approximating the type desciibed under Para- 
graph C of this heading, and in connection with whom for various reasons 
moie systematic checking has been possible Heie, m several instances, 
after varying periods of tempeiatuie (where the mhibitive reaction has 
remained the same) I have usually been unable to satisfy myself of any 
definite local change, while later the patients appaiently assumed their 
pie\ious condition of well-being 

E VaiiaUons — This paragraph can conveniently be introduced by 
the statement that up till the present there has been no instance of a case 
giving and maintaining a full mhibitive reaction, marked tuberculin sen- 
sitiveness 01 definite refractoriness that has not piogiessed very favorably 
— usually making either an arrest or apparent cure, although this natu- 
rally IS dependent on the time of observation 

This ability to resolve fairly lapidly the anatomical involvement — as 
3 udged by our physical methods — in contrast to those cases m which 
this does not obtain, although the patient may make slow and slight local 
improvement oi good progress in the general well-being, seems very 
definitely associated with these two biological conditions That other 
biological conditions may sometimes approximate this clinical result is 
shown in certain of the histones under Heading 2 , and as well in certain 
sub 3 eets about whom it is not possible as yet to arrange the scattered 
immunological data 

Probably owing to the fact that very few patients reach my depart- 
ment until some time after arrival, there have been only a few instances 
of mcrease in the inhibitive serum content In one of these, particular y 
the accompanying clinical improvement has remained in marked fashion 

(Case 1107) 
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Fig 2 — Chart of Case 1109 Line with nodes indicates temperature Heavy 
line indicates serum reaction cuive (when at the top, inhibitive reaction, when 
at the bottom, indifferent reaction) The ciicle (o) indicates dates of serum 
reaction (beginning with thud reaction), x indicates thud and fourth physical 
e\aminations, respectively Knowledge of anatomical progress remained in status 
quo (Turban Stage I, with activity) until thud evamination on Dec 8, again m 
February showing the continued improvement As far as determinable, the rise 
in the inhibition content preceded the faioiable local changes 


On the othei hand, there have been many instances of loss of the 
inhibitive reaction followed oi accompanied by slight mcrease of local 
involvement, oi suggestive specific clinical i espouse, or both, when often 
at the time of the biological obseivations this might not have otherwise 
been observed Particularly latelj, as the numbei of patients and the 
time since then reaction observation increase, have these correlations 
been accumulating This has been so definite and is of such importance 
that it seems worth while to outline mstances dealing with different 
amounts of involvement and type 


Case 312 — A man, aged 24 Geneial appearance splendid 
History — ^Diagnosis made January, 1910, tbe patient bad had a srnall hem- 
orrhage while playing sport in December, 1909, later the B 
found in the sputum, there was a history of some lassitude and slight co 
mg December only 

Institutional C/mi Is —January, 1910, slight right apical lesion with invo ve- 
ment of the posteiior apex (classed Turban Stage I incipient) 

By June 16, the charts are marked clear with the evception ^ 
evidences at the posterior apex During August and marked ante- 

apex IS marked clear, although again some sligh onward varia- 

iiorly These two charts seem to be the best From this time onward. 
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tions have inci eased so that the Deeembei and Januaiy (19H) diaits show an 

anterior involvement extending slightlj^ into the middle lobe and lecord showers 
of rales on coughing 

Btologxoal Dato-Jan 26, 1910 Von Pirquet 50 pei cent old tuberculin 
^ ® maximum color 60 x 50 mm on the third day with indurative swell 

mg 30 X 25 mm , some lymphangitis 

June 12, 1910 Class 1 The full inhibitive reaction had been obtained many 
times previous to this date, as this serum had been used consideiably in advanc- 
ing the theoretical parts of the woik This was the last date, on which this full 
inhibitive reaction was obtained, although subsequent woik on June 14 suggested 
that it was not so stiong oi efficient as pieviously During August work with a 
new extract which proved unreliable gave certain indications that the leaction 
was less marked Howevei, the conditions at the time of the last reactions were 
such that no positive value can now be attached to these indications 

Nov 3, 1910 Class 3 (indifferent leaction) 

Nov 17, 1910 Class 3 (indifferent reaction with the faintest suggestion of 
inhibition) 

Dec 16, 1910 Class la (full inhibitive reaction) 



Fig 3 — ^Line with nodes indicates subjective indications, line with circle (o) 
indicates serum reaction, line with crosses (x) anatomical involvement Chart 
of Case 312 (a) Top full inhibitive reaction, no evidence of anatomical 

involvement, subjective indications, normal, (b) middle indifferent reaction 
(Class III), Turban Stage I, suggestion, (c) bottom tuiei culoits sensitizers 
(Class II) , Turban Stage II, definite 

During the latter part of Septembei and Octobei and pait of November, this 
patient gave rather indefinite symptomatic complaints that might have been 
explained by a saturation with sanatorium life At this time the patient took a 
considerable number of leaves of absence During Deeembei the general condi 
tion improved It should be stated here that the physical charts* were made 
without knowledge of the biological findings until after November 3, and that 
the charts exhibited their fullest involvement only some time after the biological 
variations and at a time when these latter had returned to their former favor- 
able condition If the indefinite general symptoms can be accepted, the biological 
relations accompanied them (unfortunately repeated cutaneous tests were not 
feasible) and definitely foreshadowed the anatomical involvement as inferred 
from the physical examination These remarks may be graphically charted in an 
approximate fashion (Fig 3) 

Case 1372— M, a man, aged 19 Geneial appearance, very good 

Weights — Admission, 149, at time of investigation, 155, normal, 146 

4 This remaik applies to most, if not all, charts quoted as institutional 
The observations, clinical histones, etc, have been made by the pathological 
department It seemed, however, that for tins paper the use of the physical 
charts of the clinical stall would show an unbiased parallel 
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Diagnosis made August, 1910, the patient had passed through 
tieatment by three physicians foi lethaigy and cold with cough since March, 
these symptoms weie particulaily noticeable since April, the highest tempera- 
ture recorded was 99 F Famity hisloiy marked 

Institutional Charts — ^Novembei 5 Turban Stage I incipient, slight left 
apical iinolvement to thud rib in fiont and the posterioi apex behind 
Dec 9, 1910 Theie is an impression of possibly less involvement 
Jan 17, 1911 Bilateial involvement both anteriorly and posteriorly without 
much evidence, hoivevei, of activity, might be classed as Turban Stage II 

Tlie lesults of the laboratoiy charts made in Novembei and January corre- 
spond, though less noticeably, to this variation, further, certain anatomical inter 
pretations made in the fust ^^ere obscured or altered in the second 
Biological Data — Xo\ lo, 1910 Class la (full inlubitive reaction) 

Jan 14, 1911 Class 3 (indifleient leaetion with the faintest suggestion of 
foimer Class 1 phenomenon) 

Feb 3, 1911 Class 3 

Ihe first chart shows vaiiatiou occuning in Jaiiuaij Theie was nothing in 
the patient’s general condition to suggest that a change of progiess was taking 
place, ivhich is peihaps the fairest fashion to interpret the anatomical findings 
under the loutine ciicumstances The ease has been afebrile and has shown con- 
tinued improvement in geneial ivell-being 

Case 1105 — Sept 3, 1910 A man aged 20 Geneial appearance — good, 
well nourished 

Etstory — ^Diagnosis made 27ovembei, 1909 (aftei a two weeks’ illness of acute 
onset with tempeiature of 103 F ) , the certainty being confiimed by the presence 
of the B tulci culosis , the year previous to diagnosis suggestive but ill-defined 
^iVmptoms 

InstituUonal Chaits — Decembei, 1909 Bilateral involvement of moderate 
activity classed as Tuiban Stage II, moderately advanced By August the charts 
showed veiy distinct impioiement Fiom this date till the present, slight varia- 
tions are shown which practically leave them in statu quo in contiast to the pre- 
vious improvement 

Biological Data — Maich 9, 1910 Von Piiquet 50 pei cent old tuberculin 
(10 emm ) color 30 x 20 mni with induiated swelling 

March 9, 1910 Conjunctival 5 pei cent old tubeiculm (10 c mm ) -f- 

April 19, 1910 Class la (full inhibitive reaction) 

Tune 12, 1910 Class 1 (partial inhibitive reaction) 

Nov 3, 1910 Class 3 (indifferent reaction) 

With the inhibitive reaction theie was always some deflection of complement 
with antigenic stiengths, a result noticed in latei -work with seiums, which often 
subsequently lost the reaction content Ceitain symptomatic evidence corre- 
sponds to the lack of improvement, and very definitely is this evident with the 
temperature records These from March 16 till August 3 show no register beyond 
98 4 F From this time on, there are many but irregular variations outside the 
normal range 

Case 302 — Clinical normal April 16, 1910 (Third cutaneous test on left 
forearm) Von Pirquet 50 per cent O T 10 c mm 
April 17 Color 10 by 12 mm — no swelling 
April 18 Color 15 by 18 mm — no sivelling 

April 19 Color 16 by 20 mm with equal swelling that is clear cut and indur- 
ative 

April 20 Color 18 by 20 mm with equal swelling that is clear cut 
April 21 Gradual subsidence 

April 16 Conjunctival 5 per cent O T (10 emm ) negative 

October 7, 1910 Von Pirquet 50 per cent 0 T (10 emm ) on light foiearm 

October 8 Color 20 by 18 mm —no swelling 
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October 9 Color 20 by 20 mm —no swelling 
October 10 Coloi (patcliy) 20 by 20 mm— no swelling 
October 11 Gradual subsidence lire reaction was not affected by e\eicise 
and the color throughout was very easily pressed out 

Up till the following data, all clinical normals giving tuberculin reactions had 
shown repeatedly “some” inhibitive reaction with oue doubtful instance 
Nov 3, 1910 Class 3 (indifferent leaction) 

November 16 Class 3 (veiy slight evidence of inhibitive reaction) 

Jan 3, 1911 Class la (full inhibitive leaction) 

February 3 Class la (full inhibitive leaction) 

This IS the only example found of a clinical normal giving a full inhibitive 
reaction The sub 3 ect has been fairly intimately exposed to tuberculosis, but 
particularly so in August, 1910 

This seium has been used in the technic many times pnoi to August 
and with one possible exception, when it was old, has always shown some 
evidence of inhibition Unfoitunatelj, it happened that no reaction was 
made durmg September and October, the last two being on July SO 
and 23 Further, the fourth cutaneous test is distinctly different in hpe 
and onset from the three previous, w'hich have been moie fully consid- 
ered in the first publication It seems impossible to ignore, at the least, 
a diagnosis of biological or anatomical tuberculosis 

As the reliability of these observations has increased, every endeavor 
has been made to check the life of the patient when a change in the 
serum reaction occurs Piom this one hopes to prove a distinct indication 
regarding the general handling of eases However, as can be seen from 
the remarks under Paragraph C and from theoretical considerations, an 
unfavorable turn in an inhibitive reacting case may not always be 
preceded or accompanied by a loss of that serum content While it is 
impossible to be certain that this has or has not occurred to some extent 
in the cases under my observation, no evidence of such has been noticed 
On the present theoretical grounds, a loss of tuberculin sensitiveness 
should accompany this particular retrograde tendency 

4- Cases Showing the Indijfeient (Glass 3) Serum Reaction 

This reaction has been found originally and confirmed in (a) defi- 
nitely moribund cases and (b) others in which the mam distinction seems 
to lie in their slightly plus and minus ability for slow local improvement 
with varied clinical response It has been followed in patients who have 
shown a loss of tuberculous sensitizers and inhibition, and, as far as 
chronologically ascertainable, may be associated in the former with local 
and general subsidence, or even improvement, while in the latter with 
unfavorable conditions both objectively and subjectively Further, these 
relations obtain with all varieties of tuberculin tj'^pe reactions, so that 
the possible biological states seem confusing It is on contrast cases of 
this type, however, that one hopes to show immunological differences that 
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may be here maiked, and which may play an unusual and effective role 
in those eases 

As a result, one feels that pulmonary tuberculosrs by rtself presents 
tlree chief considerations for complete conceptron 

1 The brologrcal relations (or involvements) of host and infection 

2 Anatomical involvement 

3 Clinical response 

These might be con elated as follows The judgment of a case depends 
on one’s conception of the biological interactions between host and the 
infecting tubeicle, in eonsideiation of the type, amount and duration of 
the anatomical involvement, and the resulting clinical response direct 
or indiicct One feels tliat all must be considered if one is to escape with 
the minimum of error in diagnosis, piognosis or treatment The bio- 
logical states can but roughly and approximately be estimated, as is also 
frequently true of the type and amount of anatomical involvement by our 
physical methods 

One feels that this is an attempt to mteipret broadly biological oi 
immunological data into clinical correlation without the almost essential 
qualification of presenting a critical clinical conception of many cases, 
and also submittmg chronologically the laboratory end-results to a severe 
comparison with the details of the elmieal history and charts With the 
majority of cases of tuberculosis it seems necessary to present with their 
varymg fluctuations, during long-di awn-out periods of time, many appai- 
enny ''mall irregularities of clinical response and temperament, as well 
as the graver evidences of the infection, before one feels that the picture 
is sufficiently detailed For this reason, only what seem to be the most 
important and clearest-cut examples have been given These have been 
in the greater number of classifications repeatedly observed with slight 
\ aviations Clinical manifestations and anatomical involvement for cor- 
relation purposes can hardly be dealt with under simple classifications, 
nor can the biological data be summed up as positive or negative tests 
Tliese difficulties have underlain the presentation of the comparisons 
The procedures began March, 1910, and up to October had been earned 
out on sixty-six cases to a greater or less extent, as the more experimental 
part of the work allowed their clinical application Since then there 
have been eiglity-foui cases under as constant observation as the circum- 
stances of the situation allowed, and the clinical variations in each case 
demanded In this way, the serums from nearly all had been tested under 
many varying circumstances As serums whose characteristics were 
determined have been used to further certain theoretical conceptions, 
fiequent checks have been made on the same serum 

The clinical applications have proved to be valuable, and, as they exist 
the following considerations seem to be outstanding With many cases 
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the oceuiience of tuberculous sensitizers is significant, as this condition 
IS in the majority of cases associated with clinical reveises and often acute 
setbacks with high tempeiatuie Subsidence of the clinical response in 
a few cases sufficiently closely investigated has been followed by a disap- 
peaiance of this seium content Unusual opportunity for observation 
has demonstiated the gieat benefit of lestiicting cases of this type to rest 
in bed on the slightest appearance of fever, absolute rest bemg enforced 
and maintained if the temperatuie does not lespond The impiession 
IS very distinct that lest may be judiciously advised in many eases of 
this type even when there aie no febrile disturbances 

Undei favoiable eiiciimstances it has been possible to foieshadow 
both the favoiable and unfavorable piogiess of a case by the come and go 
of the inhibitive reaction In certain instances a disappearance of the 
inhibitive reaction has revealed not more than a stationary condition, in 
contrast to a previously favoiable piogiess, oi to a condition which one 
had previously conceived in a favorable light These eoi relations have 
been most acutely marked in the eaily eases of slight involvement This 
IS proving of value in checking the life of arrested or improved cases 
in patients on their letuin to work 

Other aspects of tuberculosis seem to be affected by a consideration 
of these biological data, such as the administration of tubeiculin and the 
selection of cases possibly suitable for other vaccine therapy, but I have 
attempted to present what seemed the most important, and have iurthei 
confined rai^self to the results of those piocedures relating to the humoial 
side of immunity Certain possibilities relating to the cellulai side are 
at present undei investigation and promise results One feels constrained 
to draw attention to this because the purely eiperimental side of 
immunity is passing into the hands of the chemical pathologist and 
physiologist, while the possibilities of the present knowledge aie not 
being applied clinically ISTeuberger in speaking of Hippocratic medicine 
writes Ht is the conception of the medical vocation and the method of 
medical thought and action, true now as then, that distinguished that 
period ” Would not advancement be mateiially aided if we regarded the 
application of immunology as a necessity for the treatment of the patient 
rathei than a method of leseaich^ 



THE INCOAGULABLE NITEOGEN OE PUNCTUEE ELUIDS 
WITH SPECIAL EEEEEENCE TO CANCEE 

A PRELIillNARY NOTE "* 

ROGER S MORRIS, MD 
sr louis 

To deteinuue a collection of fluid in a seious cavity is of 

malignant oiigin is often a niattei of consideiable difBculty The specific 
gravity and albumin content aie of little oi no value The usual bloody 
nature of the fluid is not diagnostic The only reliable means of detecting 
a malignant neoplasm from a study of puncture fluids alone has been 
the finding of mitotic cells — very rarely of tissue fragments — in the 
stained sediment, and such cells aie often laclana: 

In view of the demonstiation of a pioteolytic enzyme oi enzyme? in 
carcinomata and sarcomata, it occuiied to me that the ferment, if secreted 
into a serous fluid, might disclose its presence by an increase in the quan- 
tity of incoagulable nitiogen With this idea, tire present study was 
undertaken 

That malignant tumois contain one oi more proteolytic enzymes was 
first suspected by E Mullei ^ That his suimise was collect has been 
demonstrated by the work of his pupils, notably Emei son,- Eischer^> ^ and 
Neubauei,'^ and by others Petry° demonstrated that autolysis occurs in 
carcinomata, a fact which was confirmed by Neubeig® and by other 
observers Buxton and Shaffer'^ proved the existence of a pioteolvtie 
ferment in cancers, the softer, more cellular tumors usually possessing it 
m greater abundance Eecently, Neubauer and Eischer'^ and Abderhalden 

•‘From the Climcal Lahoiatoij, The Johns Hopkins Umveisity and Hospital 

1 Muller, F Stoffwechseluiitersuchungen bei Ki ebskranken, Ztschi f klin 
Med , 1889, xvi, 496 

2 Emerson, C P Dei Einfluss des Caieinoms auf die gastiischen Verdaii- 
ungsvorgange, Deutsch Arch f klin Med , 1902, Iwii, 415 

3 Fischei, H Zui Kenntnis des carcinomatosen Mageninhalts, Deutsch Arch 
f klin Med , 1908, xciii, 98 

4 Neubauei, 0, and Fischei, H Uebei das Voikoniinen eines peptidspalten 
den Fermentes in carcinomatosen Mageninhalt und seine diagnostische Redeu 
tung Deutsch Arch f klin Med , 1909, xcvii, 499 

5 Petiy, E Ein Beiti zui Chemie malignei Geschwulste, Beitr z chem 
Phys u Path , 1902, ii, 94 

6 Heuberg, C Cheniisclies zui Kaizinomfiage, Uebei ‘inoimale feimenta 
tive Vorgange heim Krebs, Berl klin Wchnschr , 1905, xlii, 118 

7 Buxton, B H, and ShaflFer, P En/vnies in Tumois Join IMed Research, 
1905, xiii, 543 
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and his co-woilveis^ have shown that malignant growths contain an 
enzyme capable of splitting ceitain polypeptids into their constituent 
ainino-aeids This has led to the introduction by the first-named authors 
of the glycyltiyptophan test for the diagnosis of cancer of the stomach 
With the demonstration, then, of a pioteolytic enzyme m malignant neo- 
plasms and of the secretion of the feiment into the stomach contents in 
gastric carcinoma, it is readily conceivable that pi unary or metastatic 
growths affecting the seious surfaces might secrete their ferment directly 
into the seious cavity and, therefore, into fluid oceupymg the cavity 
Following the same line of reasoning, one would also expect to find an 
absence of the ferment in those fluids resulting merely from the pressure 
of tumors on important vessels So that, at the outset, it was anticipated 
that an inciease in the incoagulable nitrogen, if found, would not be met 
with in all eases 

The method used to remove the coagulable piotems was that of Hohl- 
weg and Meyer," slightly modified The procedure is as follows To 
10 e c of the puncture fluid m a 300 c e Erlenmeyer flask one adds a 
reagent composed of equal parts of 1 per cent acetic acid and a 5 per cent 
solution of monocalcium phosphate until the leaction is acid to litmus 
but still neutral to Congo red The limit is rather wide, varymg from 
about 2 to 6 or more cubic centimeters with diffeient fluids Distilled 
water is now added to brmg the volume to 80 ec and then 80 cc of 
saturated sodium chlorid solution are pouied into the flask The mixture 
IS now boiled to precipitate the coagulable proteins and is then filtered 
through a folded filter directly into a Kjeldahl flask The Erlenmeyer 
flask and filter are washed three times with distilled water A Kjeldahl 
determination is made on the filtrate Owing to the quantity of sodium 
chlorid contained in the latter, a considerable excess of sulphuric acid 
must be added to convert the sodium chloiid into sodium sulphate and 
still leave sufficient sulphuric acid for the oxidation For this purpose 
about 30 c c of concentrated sulphuric acid is enough Because of the 
preformed sodium sulphate, it is unnecessary to add potassium sulphate 
Otherwise, the usual steps in the Eljeldahl method are carried out All 
determinations are made in duplicate or tiiplicate, after a preliminaiy 
test of the filtrate has shown that the piotems are completely removed 

In all, twenty-five fluids have been available for examination up to 
the present time The results are given in Table 1, the incoagulable 

8 Abderlialden, E , and Kona, P Zur Kenntnis der peptolytischen Fermente 
verschiedenartiger Krebse, Ztschr f physiol Cliem, 1909, Lv, 415, Abderhalden, 

E, Koelker, A H, and Medigieceanu, F Zur Kenntnis der peptolytischen Fer- 
mente verschiedenartiger Krebse und anderer Tumorarten, Ztschr f physio 

Chem , 1909, Lxii, 145 ,, j cf 

9 Hohlweg, H , and Meyer, H Quantitative Untersuchungen uber den Kes 

stickstoff des Elutes, Beitr z chem Phys u Path , 1908, \i, 381 



ROGER 8 MORRIS 


459 


Table 1 — I^-coAGULABLE IsTitbogen in Puncture Fluids (Author’s Cases) 


No Diagnosis Incoagulable 

Nitrogen 
in gm 
pel cent 

1 Hj drotlioi ax, cbionic nephritis, aitenoscleiosi'i 0 04585 

2 Ascites, alcoholic cirrhosis of livei 0 0189 

3 Hydiothorax, chionic nephritis, syphilis 0 0665 

4 Ascites, ulceiatiie endocaiditis, arteiioscleiosis’' 0 03395 

5 Ascites, chronic pel itonitis, luetic cirrhosis { ’ ) , vah ular disease 0 0504 

6 Pleuiisy with eflusion, pulmonaiy infaict, chi nephiitis-^ 0 05425 

7 Pleural eluision, cancer lung and pleura* 0 1162 

8 Case 7, about h\e neeks later* 0 1120 

9 Ilydrothorax, initial insufficiency, arteiiosclerosis 0 03325 

10 Tuberculous peritonitisT 0 0406 

11 Case 1, fi\e i\eeks latei 0 0420 

12 Pleural exudate (?), pulmonary tuberculosis, hypei nephroma 0 05145 

13 Pleurisy, lobai pneumonia (empyema developed four days later) 0 0805 

14 Tubeiculous pentonitisT 0 0399 

15 Hydiothorax, chronic nephritis, mjocaiditis* 0 0529 

16 Transudate, pleuial (’) 0 03045 

17 Tuberculous pentonitist 0 0532 

18 Pleurisy with eflusion, pulmonary tuberculosis (?) 0 05005 

19 Cancer of stomach, metastases in livei and peritoneum ( ’ ) $ 0 1099 

20 Ascites, uteiine fibroid (’) 0 0623 

21 Ascites, mitral stenosis and insufficiency, chr nephiitis 0 0413 

22 Hydrocele fluid 0 0532 

23 Cancer of liver, ascites (No metastases seen on peritoneum )t 0 0371 

24 Hydrothorax, myocarditis, venous thrombosis* 0 0357 

25 Hj’drothorax, chronic nephritis, myocaiditis 0 0504 

•Diagnosis confirmed at autopsy 


tDiagnosis confirmed at operation 

jTypical case of gastric carcinoma Tumor at pylorus with stasis, lactic acid, 
Oppler-Boas bacilli, blood, positive glycyl-tryptophan test, palpable metastases 
in liver 


nitrogen being expressed in grams per cent In the literature, no studies 
of the incoagulable nitrogen in the present connection have been found, 
but from observations on autolysis of exudates and transudates I have 
been able to collect a number of records from the publications of Umbei,^“ 
Schutz,^^ Schulz and Muller,^- Eppinger,^^ Galdi,^* and Zak^® (see Tables 
2, 3, 4, 5, 6, 7, respectively) The entire material comprises seventy- 
eight observations on sixty-eight patients From a study of these values, 
it is evident that the incoagulable nitrogen of puncture fluids is subject 


10 Umber, F Ueber autolytische Vorgange m Exsudaten, Munchen med 
Wchnschr, 1902, xlix, 1169 

11 Schutz, J Besteht m Punktionsflussigkeiten Autolyse’ Centralbl f mn 

Med, 1902, xxui, 1161 , i i, 

12 Schulz, 0 , and Muller, L R Klmische, physiologische und pathologisch- 

anatomische Untersuchungen an einem Fall von hochgradigem Ascites bei Rfort- 
aderthrombose, Deutsch Arch f klin Med , 1903, Ixxvi, 544 . TTpUb- 

13 Bppmger, H Ueber Autolyse in Punktionsflussigkeiten, Ztschr f JdeilK, 

1904, XXV (Abt f inn Med), 378 , x , x rhn med 

14 Galdi, F Eicheiche sull’ autolisi degli essudati e dei transudati, Clm 

‘“s Zak,’ E^clr Aktolysa m Puakt.onsSass.gke.ten, W.en khn Wotasahr , 

1905, xviii, 376 
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to cou&ideiable vaiiation (Of the figures given by these wiiters^ only 
those showing the iintial amounts of incoagulable nitrogen [i e, befoie 
autolysis'] aie lepioduced in Tables 2 to 7 ) 

I have attempted to divide punctuie fluids into thiee groups according 
to their content in incoagulable nitrogen^ the grouping being provisional 
and sub 3 ect to future revision Group I includes all fluids whose inco- 
agulable nitrogen is 0 0699 gm pei cent oi less. Group II fluids having 


Tablu 2 — Inco votjlarle Nitrogen trow Umber’s Table’’ 


No Diagnosis Incoagulable 

Nitrogen 
in gm 
per cent 

1 Cystic abdominal tumois (autopsy) 0 0515 

2 Tuberculous peritonitis ( ’ ) 0 0352 

Umbel, F Munchen lued Wclinschi , 1902, \li\, 1169 


Table 3 — ^^coAGL^LABLL Nitrogen irom Sciimz’s Table’- 


No 

Diagnosis 

Incoagulable 
Nitrogen 
in gm 
per cent 

1 

Ascites 

0 07245 

2 

Ascites 

0 02415 

3 

Ascites 

003115 

4 

Pleurisy, tubei culous ( ’ ) 

0 0294 

5 

Ascites 

0 0303 

6 

Ascites 

0 02753 

i 

Pleural exudate 

0 0297 


’Scliutz, J Centralbl f inn Med, 1902, xaiii, 1161 
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Table 4 — ^Incoagul vble Nitrogen from Sciillz and Muller’ 


Poital thiombosis, ascites 
Same case 
Same case 
Same case 
Same case 
Same case 
Same case 
Same case 

Scbulz, O, and Mullei, L E Deutscli 


0 0306 
0 0371 
0 0252 
0 0322 
0 0273 
0 0217 
0 0280 
0 0217 

Aich f kill! Med, 1903, Iwvi, 544 


Table 5 — Incoagulable Niirogln from Eppinoeb’s Table-^ 


No Diagnosis 


1 Pleurisy, tubeiculous 

2 Pleurisy, tubei culous 

3 Peritonitis, tubeiculous 

4 Pyopneumotliora-s. 

5 Pyopneumothorax 

6 Carcinomatous pleuiitis 

7 Carcinomatous peritonitis 

8 Ascites, cardiac 

9 Ascites, cirrhosis of hvei 
-Eppinger, H Ztschr f Heilk, 1904, \xv (Aht 


Incoagulable 
Nitrogen 
in gm 
per cent 
0 0030 
0 03460 
003587 
0 0406 
0 03640 
0 07000 
0 11000 
0 02700 
0 0348 

f Med ) 378 
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TAULL G — lACOAGLLUlLE JfiTROGEN FROM G VLDl’S TABLE' 


No 

Diagnosis 

Incoagulable 
Nitrogen 
in gm 
pel cent 

1 

Pleurisy, tuberculous 

0 0563 

2 

Peritonitis, tuberculous 

0 0435 

3 

Pleurisy, tuberculous 

0 0300 

4 

Chylous ascites, cancer of pancreas and liver 

0 0896 

5 

Ascites, cholelithiasis 

0 0369 

G 

Pleurisy, tuberculous 

0 0208 

7 

Cancer of peritoneum 

0 0532 

8 

Banti’s disease with cirihosis and ascites 

0 0359 

9 

Case 8, some weeks later (peiitonitis’) 

0 0406 

10 

Polyserositis (peritoneal) 

01064 

11 

Cirrhosis of livei 

0 0616 

12 

Cancer of stomach and peritoneum 

0 0448 

13 

Case 12, five iveeks later 

0 0584 

14 

Cancer of pleura 

0 0602 

15 

Cirrhosis of livei 

0 07 

Galdi, F 

Clin med ital , Milano, 1905, \ln , 65 



Tauie 7 — Iacovgllable Nitrogen from Zak’ 

s Table’^ 

No 

Diagnosis 

Incoagulable 

Nitrogen 


in gm 
per cent 


1 

Hydiothoiax 

0 04306 

2 

Pleuritis 

0 02792 

3 

Pleui itis 

0 01479 

4 

Ascites, nephritic 

0 04139 

5 

Hydrothoi a\ 

0 01391 

6 

Ascites, chionic peritonitis, cirrhosis 

0 04515 

7 

Ascites, caidiae 

0 04113 

8 

Pleuritis 

0 02436 

9 

Pleuiitis 

0 02368 

10 

Ascites, ovarian cysts (?) 

0 0266 

11 

Ascites, tuberculous 

0 03243 

12 

Pleuiitis 

0 03133 

'Zak, B 
1905, Aviii, 

Uebei Autolyse in Punktionsflussigkeiten, Wien 
376 

klin Wchnschi 


Table 8 — Group I Incoagul-vbll Nitrogen Less than 0 0699 gji per cent 


From Table 1 
From 1 able 2 
From Table 3 
From Table 4 
From Table 5 
From Table 6 
From Table 7 

Totals 

Cancers — Group I 


21 observations on 2Cf fluids 
2 observations on 2 fluids 

6 observations on 6 fluids 
8 observations on 1 fluid 

7 observations on 7 fluids 
12 observations on 11 fluids 
12 obseivations on 12 fluids 

68 observations on 59 fluids 
5 observations on 4 fluids 


Table 9 —Group II iNcoAGumvBLE 

From Table 1 
Fiom Table 3 
From Table 5 
From Table G 

Totals 

Cancers — Group II 


Nitrogen 0 07 to 0 0899 Gir per cent * 

1 observation on 1 fluid 
1 observation on 1 fluid 

1 observation on 1 fluid 

2 observations on 2 fluids 

5 observations on 5 fluids 
2 observations on 2 fluids 


> 



462 


THE ARCHIVES OP INTEBEAL MEDICINE 


TadLE 10 — GkOUP III iNCOAQtJLABLE NITROGEN 0 09 TO 01-}- 


Froin Tablp 1 
From Table 5 
From Table 6 

Totals 

Cancers — Group III 


3 observations on 2 fluids 
1 observation on 1 fluid 
1 obseivation on 1 fluid 

5 obseivations on 4 fluids 

4 observations on 3 fluids 


0 07 to 0 0899 gm pei cent , and Gioup III 0 09 to 0 1 gm or more 
Using tins classification, the majoiity of flnids fall in Group I, i e, sixly- 
eight observations in fifty-nine fluids Group II contains only five fluids, 
while in Gioup III theie aie five observations on four eases (see Tables 
, 8, 9 and 10) In analyzing the three groups with reference to cancer, 
one finds that Group I includes four of cancel out of a total of fifty-nine 
fluids, Gioup II, two cases out of five, and Gioup III, three out of foui 
It would thus appear — though I realize that the statistics are too small 
to permit of generalizations — that a puncture fluid with incoagulable 
mtiogen below 0 07 gm pei cent is piobabhj not of malignant origin In 
Group II, one’s suspicions of malignant disease would be strongly aroused 
while in Group III the probability of caicinoma would seem to be great 
The single non-caicmomatous case included in Group III is one of “poly- 
serositis” (Uo 10, Table 6) In explanation of this finding, there appear 
to bo at least two possibilities, either that a non-caicinomatous fluid 
occasionally shows a very large amount of incoagulable nitrogen, or that 
the ca'ie was in reality one of malignant disease 

No explanation of the high incoagulable nitrogen in certain carci- 
nomatous fluids can be given at the present time It is highly probable, 
however, that it is the result of the action of a proteolytic enzyme (The 
fluids have been tested for the presence of preformed tryptophan with 
negative result ) It is possible, too, that an anti-enzyme may account 
for dhe low values met with in some of the cancerous fluids Both of 
these pomts are under investigation An attempt is also being made to 
determine whether the application of this method to the blood may be of 
service in the recognition of malignancy 
1806 Locust Street 



THE IHELHENCE OF TEMPERATURE OH THE OUTPUT 

OP THE HEART 

HEINRICH F WOLF, MD 

NEW YOnK 


While investigating the influence of the viscosity of the blood on the 
output of the heaitj I obseived that the caidiae discharge depends in a 
large measuie on the tempeiature of the fluid used to vary the viscosity 
This obseivation piompted me to disiegaid secondary effects for the 
present and to deteimine, fiist of all, the lelationship between the tempei- 
ature of the blood and the eaidiac output 

The output of the lieait was ascei tamed in accoi dance with the 
method of Rothbeigei ^ The heart was placed in an oncometer of glass, 
the changes in the volume of the heart being recorded by air transmission 
Rothbeiger confined his measuiements to the changes in the ventiicles, 
the volumetiic vaiiations of which weio obtained by covering the large 
orifice of the oncometei with a lubber membiane and by inserting the 
organ up to its aiiriculoventiicular 3unction through a cential opening m 
the membrane Rothberger employed still anothei procedure He placed 
the entire heart m the oncometer and fastened the pericardial membiane 
over the brim of the instiument Although actual values for the output 
of the heart cannot be obtained m this mannei, it is nevertheless readily 
possible to record any change in the filling of the entire organ As I 
sought to determine solely those alterations in the output of the heart 
and in the pulse-rate which are induced by varying the tempeiature of 
the blood, it was not my ob3ect to obtain precise quantitative data regard- 
ing the amount of the blood discharged by this organ Aftei all, the 
cardiac output is veiy much influenced by outside factors, for example, 
by the size of the animal, and the general condition of the heart and 
vascular system 

The experiments were carried out on cats in ether narcosis The 
cavity of the chest having been opened, the peiicardial sac was reflected 
and the heart placed in the oncometer I made use of an ordinary Marey 
tambour instead of a piston recorder The carotid artery was then con- 
nected with a mereuiy-manometer Cannulas were inserted in the femoral 
artery and accompanying vein A short time before the beginning of the 
experiment, a certain quantity of blood was withdrawn from a second 


*Froni the Physiological Laboratory of Columbia University, College of Phy 

sicians and Surgeons, New York . cTnU-ir metaod 

1 Rothbeige? Arch f d ges Physiol, 1907, CKViii, 358 ^ A similar mecaou 

was devised by Henderson Am Jour Physiol , 1906, xvi, -o 
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cat and its coagulation pievented by means of liiiudin Immediately 
before each, experimentj the blood of the first animal was also rendered 
non-coagulable by injecting a sufficient amount of the same substance 
intravenously A coil condenser was then filled ivith the blood obtained 
fiom the second animal The ends of this coil were subsequently con- 
nected with the cannulas in the femoral blood-vessels, m such a way that 
the aiteiial blood traversed first of all the coil, before it again entered 
the circulatoiy system A thermometer was placed m the venous end of 
the coil, for the purpose of determining the temperature of the blood as 
it enteied the ciieulatory system The tempeiature of the blood as a 
whole could readily be alteied by passing watei of different temperature 
through the jacket of the coil 

Naturally the temperature of the blood recorded at the femoial vem 
differs somewhat from that at the sinus of the heait, because as the blood 
in the coil soon meets the blood of the general circuit, the temperature 
must be higher at the lattei point of the vascular system, and again, if 
the blood has been cooled, we would expect the temperature near the 
heait to be higher than that at the condenser The changes in tem- 
peiature occur giadually, but a certain variation cannot be avoided, 
because the velocity of the flow through the condenser also differs The 
total amount of blood piesent in the animal always remams the same, 
because the quantity escaping from the femoral arteiy is again diverted 
into the vein 

The experiments have proved conclusively that the lowermg of the 
temperatuie materially lessens the output of the heart This effect is 
clearly shown in Figure 1 The upper record represents the volume of 
the heart as written by the cardiometer, and the lower record the carotid 
blood-pressure The time is given in seconds This line serves as the 
abscissa for the blood-pressure 

Although a diminution in the pulse-rate appeared as a lule in conse- 
quence of the decrease in the temperature, the difference was not always 
striking In some of the tests a change in the systemic blood-pressure 
also resulted, but the change did not conform strictly to the temperature 
While a lowering of the temperature usually led to a slight increase m the 
blood-pressure, it also happened that this procedure induced a moderate 
decrease It was also evident that very slight differences in the temper- 
ature suffice to produce very pronounced alterations in the output of the 
heart Even changes in the temperature of the blood which remained 
within physiological limits were sufficient to influence greatly the work 
of the heart Herein lies the significance of this observation 

While employing the method described by Lohman," Eothman® came 
to the conclusion that increases in temperature produce a similai change 

2 Lehman Aich f d ges Physiol, 1907, cwin, 260 

3 Rothman Arch f d ges Physiol, 1907, exx, 400 
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m the piilse-iate and ni tlio woik of the heait, hence these factors 
bea] a direct lelatioiiship to one anothei Heglin-^ and also Winklei® 
obtained similai lesiiLts by estimating the woik of the heart in terms of 
intia-auiiculai blood-pressure In accordance with Heglm, the efficiency 
of the heart is inncased by cold and decreased by hot douches ’Although 
confirmed b} Wmklei, this observation is not seconded by Stiassbuigei 
I mention these experiments, but realize that they have no direct beanng 









Fig 2 — Both vagi iveie cut Output decreased on cooling Pulse late 
decieased from 220 to 160 Blood piessuie showed a slight rise 
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Fig 3 —Both vagi weie cut Output increased on warming the blood Pulse 
late increased fiom 160 to 184 Blood piessuie showed a slight fall 

on the question at issue heie In the first place, it is not proved that 
an actual change in the tempeiatuie o± the blood lesults undei the experi- 
mental conditions desciibed in these papeis and, secondly, nuineious tests 
with isolated hearts have shown that the frequency of the beat vanes uith 
the temperature 

4 Hc^Iin Ztschi f him Med , 1894, wvi, 15 

5 Winklei Ztschi f kliii Med, 1904, li', 92 



FIEINRIGU F IT OLF 


467 


In endea\oiing to find the cause of the variations in the eaidzac 
dischaige, I excluded, hist of all, the influence of the nervous centeis by 
seveiing both vagi A compaiison of the lecoids taken before and after 
double lagotoiny showed conclusively that this piocedure has no influence 
on the caidiac output A decided deciease was again obtained b}/ cooling 
the blood, and an equally conspicuous mciease by waimmg the blood 
The changes lieie alluded to aie cleaily poitiayed in Figuies 2 and 3 
[ also tested the effect of atiopin in doses of to gi The 
stimulation of the lagiis neive having become ineffective, the influence 
of ehana:ing the temperatuie of the blood was again deteimined as befoie 
Jlesults identical with those desciibed pieviously weie obtained 

The vaiiatioiis in the caidiac dischaige and in the pulse-iate must, 
thciefoie, be dependent on a diiect effect on the heart-muscle The blood- 
pi essuie IS not alua'TS affected in a mannei coi responding to the tenipei- 
atuie of the blood When the tempeiatuie was lessened, the blood-pres- 
sure increased as a rule, while the wanning of the blood was usuall} 
followed by a deciease Evidently we aie dealing in this case with a 
peiipheral reaction, in that the cooling of the blood caused a constriction 
of the distal vasculai channels and theiefoie also a rise in the general 
blood-pi essuie 

This fact IS of niipoitance in the tieatment of infectious diseases, 
inasmuch as the woik of the heait is a pioduct of the output of the heart 
in a unit of tune, m conjunction with the blood-pi essuie The woik of 
the heaif incieases, tbeiefoie, ivitli the pulse-iate, the caidiac discharge 
and the blood-pi essuie The lesults of these expeiiments peimit the 
assumption that the uoik of the heait becomes gieatei duiing feveis, 
provided the blood-pi essuie lemains constant As feveis affect not only 
the peripheral blood-vessels but also those of the heart, the resulting 
impairment of the nutrition of this oigan must become the more severe 
the greater the increase in the woik of the heait 

Mention must be made at this time of the investigation of Yoshi- 
muia,® who has proved by therrao-electiieal methods that the ventilation 
of the lung has a cooling effect on the heart The blood leaving the 
pulmonai y veins possesses a lowei teinpei ature than the cai diac substance 
and exeits, therefore, a cooling influence on this organ If the escape of 
heat fiom the caidiac surface is prevented by enclosing the oigan in 
cotton, the tempeiatuie of the cardiac muscle rises seveial degiees and 
the pulse-rate increases consideraby When infectious diseases and 
especially pneumonia, are treated in the open, the cool an enteiing the 
lungs lowei s the tempei ature of the heart and lessens, theiefoie, the 
work of this oigan by decreasing the caidiac output and the puLe rate 
359 West One Hunched and Eighteenth Stieet 

6 Yoshimuia Aich f d ges Physiol, 1909, cwvi, 239 



EXPEEIMEOTAL CAEDIOBEXAL DISEASE 

HEIS^EY A CHRISTIAN', MD, E M SMIIH, MD, akd 
I CHANDLER WALKER, M D 
nos ION 

INTRODUCTION 
A CHRIST lAy, Jr D 

Dining a peiiocl of about two jeais in t]ie Laboiatoiy of the Depait- 
nient of the Theoi}' and Piaetiee of Ph3\sie at Haivaid we haie been 
studying the lesions piodueed bi^ certain chemicals known to have a 
paitieulai action on the heait and kidneys Diffeient phases of this 
study have been undei taken b}"^ Di Smith, Di Walkei and myself In 
each case the topic has been studied by those whose names appeal with 
the title and each study has been an independent one Howevei, as the 
topics aie closely related and all foim a pait of a general investigation 
of caidioienal disease, they aie published together undei the general title 
of Experimental Cardiorenal Disease as part of a senes of studies of 
which thiee^ hare been published pieviously It is hoped that by such a 
combined method of stud}' — in the beginning, of expeiimental lesions, 
latei, of the natural disease in man — some fuithei light eventually mai 
be thrown on that tangled complex which we fiequently speak of clin- 
ically as caidioienal disease It will be evident to the reader of these 
papeis that such a goal is fai from attained, but some slight advance may 
be claimed from these experimental studies - 

The general method followed in the present study has been to inject 
animals, ehieflv rabbits, with varying doses of the dings used, to follow 
the course of the disease so piodueed, and finally to autopsy the animals 
preserving all of the tissues foi histological study just as is done with 
human autopsy material in a well organized pathological laboiatoii 
Particular attention has been paid to the heart, the ladney and the livei 
though other tissues have been examined 

It has been quite evident to us that the substances used in this study, 
all of which have been employed by other imestigatois, have a lemaikably 

■‘Fiom the Laboiatoay of the Depaitment of the Theoiy ind FiTctice of 
Physic, Medical School, Harvaid Unneisity 

I Study I — Smith, R M The Origin of Uiinaiy Casts, An Evpeiimenia] 
Study, Boston Med and Surg, Joui , 1908, clviii, 696 Study II Clinstian, 
Henry A A Glomeiulai Lesion of Evperimental Nephiitis, Boston Med and 
Sur«- Joui , 1908, cKi^, 8 Study III Christian, Henry A Clinical Value of 
Recent Studies in Expeiimental Nephiitis, Join Am Med Assn, 1909, hit, 1702 
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localized eltect in that the maiked action is on one oigan with but slight 
action on othei oigans TJiannun nitiate, etc, have but little demon- 
stiable action in piodncmg lesions elsewheie than in the kidney, and so 
±01 spaitein and adieiialin in i elation to the heait This makes it possible 
to contiol cpiite satisfactoiily the evpeiiinental lesion At the same time 
indiYidnal snsceptibilih in animals vanes and othei impel fectly imdei- 
stood facton entei to leiidei difheiilt the legulai pioduction oi chionic 
lesions, vhich m the mam aie ivhat we must piodiice betoie animal 
expel mientatioii i\ill gieatli aid ns m obtaining knowledge of chionic 
caidiac and lenal disease in man 
252 ^Mailboiougli Stieet 



1 ig I — Caineia lucula diawiiig of a glonieiulus showing the tyi^e of clegeneia 
tne lesion coininoiil) foniul in acute iiiamvim nitiate nepluitis iii the labbit 


SrCJDX II VASCULAll LESIONS OF ACUIE EXPERI^nENTAL (URANIUIM 

nitrate) NTPIIRITIS “■ 

iiLXKX A ciiKisrrvx, Ml), nosiox 


111 1908, iindei the title “A Glomeinlai Lesion of Expeiimental 
Afephiitis^t I desciibed ceitam changes found in the gloineiuli of the 
kidne}'^ in labbits which had leceived subcutaneous injections of uianiuin 
nitiate These changes weie found in eleven of a senes of thiiteen 
labbits tieated in this way 

The lesion desenbed at that tune is essentially a lasculai lesion aiieet- 
ing the capillanes of the glomeiulai tult and consists of a tjpe o± In aline 


Fiom tlie Laboiatoiv of the Deputment of the llieon and Piaetiee of P]i}sw 

Medical School Iluvaid UniveisitA 'imns 

Repoited at the Annual Meeting of the Association of Aineuein Plnsician , 

3Ia> 9 10, 1911, Atlantic Citj 

tChiistnn Ileniy A Boston Med and Sing Join , 190S, eli , 
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degeueiation of the wall of the capillaiy, as shown in Figuie I The 
lesion was desciibed as follows 

The lesion consists of the appeal ance in the glonieiulai tuft of small, lound 
01 oval, laiely iiiegulai, homogeneous dioplets, vaiying fiom a half to foiii 
inicions 111 dianietei Tliese dioplets appear in the wall of the capillaries making 
up the gloineiul.il tuft, and do not occiii eithei in the lumen of the capillaiies 
01 in the space between the glomeiulai tuft and the capsule of the glomeiulus 
except 111 laie instances, when then position might be explained as an artifact 
111 piepaiation They weie not found in the epithelium lining Boiv man’s capsule 
In some glomeiuli, only a few scatteied dioplets occui, while in otheis they aie 
\eiy nunieious Veiy often in a glomeiulus they tend to occui in groups of tliiee 
to SIX 01 eight, and ivhere the largei gioups aie found, almost always some of 
the droplets .aie consideiably coaisei than otheis of the same gioup In some 
i.ibbits almost eveiy glomeiulus contains m.iny dioplets of fairly laige size, in 
others the dioplets aie unifoimly smallei In some labbits, some glomeiuli 
contain nunieious dioplets while adjacent glomeiuli aie fiee fiom them This 
focal distribution seemed to have no relation to the othei lesions of the kidney. 



Fig II— Camera lucida drawing of a glomerulus from Rabbit 106 (acute 
uranium nitrate nephritis) showing fibrin thrombi in the capillaries of the 
glomerular loops 

and no cause for it was to be made out In kidneys showing slight degrees of 
the lesion, only here and there a glomeiulus showed a few fine dioplets ^ 

The droplets which are here described stain intensely blue black w ith Mallory s- 
phosphotiingstic acid hematoxylin (hematein) stain, and resist decolorizatioii 
with ferric chlond for a long time With eosin and methylene blue they stain pa e- 
red The exact nature of the droplets is not known Usually they can be dis 
tinguished quite easily from the somewhat more iiregulai granules associated 
with fibrin threads in the glomeruli 

As this degenei ative lesion of the glomernlai tuft is essentiall} a 
vascular lesion, and inasmuch as the lecent studies of nephiitis haie 
tended to show that the edema of the disease is dependent on some vascular 


*I am indebted to Miss Piotti for these diaumgs 



U A CmtISTlA]S'—lt }I SMITH— I C WALKER 


471 


mjul} and since the substance, nianmm nitiate, which pi educes the 
above deseiibed gloineiulai lesion is the one which expeiimentally most 
fiequently leads to the acciminlation of fluid in the body cavities and 
subcutaneous tissues in association with lenal lesions, it seemed desiiable 
by a senes of expeiiments to deteimine whethei oi not othei demonstiable 
vasculai lesions lesulted fiom the use of uianiuin nitiate in labbits 
Consequent!} the following senes of medium-sized labbits veie injected 
subcutaneously with 5 mg of uianium nitiatc at penods of twentvfoui 
houis, as shown in the following piotocols 

Eabbits fOO and 101 weie injected subcutaneously Mai eh 27 with 3 nig of 
iiianiiun mtiate, and weie killed twcntj^ foui houis latei 

Rabbits 102 and 103 weie siniilaily injected on Maich 27 and 28, and weie 
killed foit} -eight houis aftei the fiist injection 



Fig 1 — Rabbit 225, kidney shows slight iiregulaiity of surface 

Rabbits 10'4 and 105 were similarly injected on Maich 27, 28 and 29, and weie 
killed seventy -two hours after the first injection 

Rabbits 106 and 107 were similarly injected on March 27, 28, 29 and 30, 
Rabbit 106 was found dead ninety siv hours aftei the fiist injection, and Rabbit 
107 was killed ninety six hours after the first injection 

Rabbits 108 and 109 weie similarly injected on Maich 27, 28, 29 and 30, and 
w'eie killed 120 hours aftei the fiist injection 

Macioscopic Changes — Of these labbits, 100 and 101 showed at 
autopsy no depaituie fiom the noimal Babbit 102 showed the u'^ual 
amount of moistme in the body cavities, and seatteied o^el the posteiioi 
poition of the peritoneal cavity numeious small subcutaneous lieinoi- 
ihages of about pin-head size Babbit 103 showed a distinctlv inci eased 
amount of moisture in the body cavities, and a small amount of fiee fluid 
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m tlie dependent poitions of the pentoncal caMt) Babbits lOd and 105 

showed the same condition with lespect to fluid, and in addition small 

heinoiihagic aieas scatteied in the peiitoneal tissues Eabbit 106 slioued 

a modeiate amount of fiee fluid in the peiitoneal cavit}^ Babbit 107 

showed a veij small aiiioiint of fiec fluid in the peiitoneal caviti, and 

nunieious small hemoiihagic points scatteied ovei the siiiface of the 

kidnoj’’ Babbits 108 and 109 showed a model ateB lucieased amouiir of 

fluid in the body cavities 
%/ 

Micto^icopic Changes — The following micioscopic changes weie noted 
in the kidneys of these labbits 

In Babbit 100 leiy slight degeneiativo changes in the tubulai epithe' 
liuiii w ei e made out but no lesions in the glomeiuli 



Pig 2 —Rabbit 257, kidnej , gioss spcciiieii bbo\is maikecl giaiiuHiity and 
irieguHiity of sixifaee of kidnej 


In Babbit 101 tlieie was a moie inaiked degiee ot degeneiation of the 
tubulai epithelium amounting to neeiosis of the epithelial cells lining 
scatteied tnbnles, and the jnesence in the luinina of the tubules of easts 
composed of desquamated, degeneiated epithelial cells and gianulai 
mateiial ITo glomeiulai lesions could be made out 

In Rabbit 102 clegeiieiative changes such as those desciibed m 
Eabbit 101 oecniied, but in ^e^y much moie inaiked degiee In tlie 
o-lomeiuli theie was quite fieqnentlv pietcnt a small amount ot giamilai 
mateiial in the capbulai space The walls of the eapillaiies of the 
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glomolulai tu£t appealed to be distinctly swollen The liiniina of the 
capillaiies weie usually less evident than in the piecedmg lahbits The 
gloiiiciiilai tiift gave the impiession of an inci eased cclliilaiit} Howevei, 
no actual eiidence of cell piolifeiation was found in the glonieiuli, thongh 
111 the tubules occasional mitoses i\eie seen, indicating that lepaiative 
changes i\eie m piocess m the epithelial cells of the tubules 

Rabbit 103 shoved the same lesions as those desciibed ni Rabbit 102, 
but distincth less inaiked in degiee than in Rabbit 102, thonofh sligJitly 
moie exteiisne than those desciibed in Rabbit 101 



Fig 3 — Eabbit 128 Kidney shows focus of inaiked cellulaiity iiifiltiated 
with iieigliboi mg focus of model ate connective tissue inciease Magnification 
125 dianieteis 


Rabbit lOd showed the same changes as desciibed in the piecedmg 
labbits and in degiee about ecpial to that found in Rabbit 103 In addi- 
tion, the gloineinli in Rabbit 104 showed scatteied in the vails of the 
capillaiies of the gloineinlai tnft hialmc dioplets as desciibed in nii 
eailiei lepoit (see Fig I) These dioplets iveie piesent in the niajoiiti 
of the olomeinli and most of them veic lelatiieh coaise In addition 
to these Inalme dioplets staining daikl} vith the phosphotnngstic acid 
hematein stain, the citoplasm ot the cells of the glonieinlai tuft was dis- 
tinctly moie giannlai than in the pieeedmg animals These giainiles 
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weie fine, niegulai, and stained lathei palely eompaied with the dioplets 
They lesembled the geneial appeal ance of giannles oidinaiily found in 
the epitheliiiin lining tnbnles of the kidney wheie theie is only a moderate 
degiee of degeneiation piesent 

llabbit 105 showed a veiy slight degiee of tiibiilai degeneiation, not 
11101 e than that shown in Babbit 101, and no lesion was seen in the 
glomenili 



Pig 4 — Rabbit 130 Kidney shows irregularlj distiibuted areas of connective 
tissue increase in part fairly cellulai Magnification 146'^ diameteis 


In Babbit 106 an extensive degiee of degeneiation and necrosis in tlie 
tubular epithelium weie found The glomeiuli almost without e\ception 
showed the following lesion The capillaiy loops neaily eveiywheie weie 
filled ivith fibrin thrombi made up of lathei coai=e threads of fibiiu ulncb 
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vei} laigely filled the lumen of the capillaiy as shoun in Figme II Ho 
liYalme dioplets and no definite degeneiative changes could be made out 
within the cells lining these capillaiies Except foi the glomeiulai lesion, 
this kidno} was similai to that fioni Eabbit 104 A lesion similai to this 
thiombosis of the capillai}'’ loops of the glomeiulus uas not found in any 
othei ot this senes of labbits, noi was it piesent m any of the other 
labbits tabulated at the end oi this papei Up to the piesent time no 
satisfactoiy explanation foi this vaiiation in lesion has been found noi 



Fig 5 — Rabbit 190 Kidney shows connective tissue inciease with atiophy 
of tubules and scleiosis of glomeiuli 


has it been possible to lepeat tins particulai type of gloineiulai lesion b} 
varying m several wajs the conditions of the experiment 

In Eabbit 107 degenerative changes siinilai in nature to those 
de«ciibed in Eabbit 104 weie found Hyaline dioplets appealed in the 
glomerular tufts in the same way, but a lather laigei percentage o 
glomeruli in Eabbit 107 failed to show the droplets than uas the case m 

Eabbit 104 
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Babbit 108 showed, extensive degeneiative changes in the tubular 
epithelinm, and the piesence of man} hyaline dioplets in the vails of the 
glonieiulai tuft 

Babbit 109 showed changes veiy similai to those desciibed in Babbit 
108, including hyaline dioplets in the walls of the glonieiulai tuft 

In this senes ot ten labbits, definite lasculai lesions occuned in the 
gloiiieiiili ol five animals As a liinctional lasculai injuiy has been 
assumed to be the cause oi the edema of nephiitis, it vould seem probable 
that some demonstiable anatomical eiidence ot this lesion might be found 
b}' using the same technical method that demonstiates so well the above 
deseiibed glonieiulai lesion, a lesion hitheito oiei looked Howevei, a 



veiy caieful stud}'^ of the small -vessels of the kidne-v othei than those of 
the glonieiulai tuft, failed to show aui" demonstiable lesion, eitliei viti 
the pliospliotungstic acid liematein stain, oi vitli the eosin inetli^ lene-blue 
stain, 01 the elastic tissue stain of Veihoeff In addition to the kidnei, 
the heait, Inei and the spleen veie studied by these same methods, but 
no demonstiable lesion was found in the blood-vessels of aiiv of these 

Small aiteiies and veins as veil as capillanes m sections of ti«^ue 
aie not easv of examination owing to then veiv thm vails vlneh meseiit 
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^el•y little siuface loi studj^ in any given section In the cainllaiy luft 
of the gloineuilns, the same conditions do not hold because there, with the 
convoluted coiiise of the capillaiies and the laige number of loops aggie- 
gated togethei, a vei} consideiable siuface of capillaiy wall piesents foi 
examination It seemed possible that this fact might be an explanation 
of finding anatomical lesions in the capillaiies of the glomeinlus and 
failing to find them in othei vessels of lelativclj’' the same size 

In oidei to get small blood-vessels moie suitable foi micioscopic exam- 
ination, the mesentei} was selected, inasmuch as hcie numerous small 
lessels lun in an exceedingly thin tissue which, with piopei piecautions, 



Fig 7 — Rabbit 120 Kidney shows a focus of connective tissue increase nitli 
almost coinjilete disappeaiance of the lubulai stiiictuies and peisistence in tlio 
glomeruli Magnification 125 diameteis 

can be piepaied and stained without sectioning, so that a good view nia^ 
be had of the small vessel in longitudinal optical section, thus leveaang 
clearly all of the cells and tissue that go to make up the vessel-vall 
Instead of cutting sections of this tissue, the mesenteiy was piepaied hi 
stretching it ovei the end of bottle tops and tying it in this position The 
bottle top with the attached bit of mesenteiy was then fixed in Zenkei s 
fluid and earned through the vaiious staining pioeeduies Sti etched o\ ei 



478 


THE ARCHIVES OF INTERNAL MEDWIWE 

tlie bottle top the mesenteiy was pi evented from shiinkmg and remained 
flat and smooth After the staining was completed and the mesentery 
deh}diated in alcohol, with fine scissois leetangiilai bits of the mesentery 
were cut awa}’', cleared in xylol, and mounted in balsam, just as would be 
done with a celloidin section 

By selecting thin bits of the mesenteiy containing small blood-vessels 
it was found possible to study very tlioioughly the walls of such vessels 
In them, howevei, no lesions m any way analogous to those found in the 
capillary tuft of the gloineiuli could be made out Since in these rabbits 
not infieqiiently there is a considerable amount of free peiitoneal fluid, 



Fig 8 — Babbit 245 Kidney shows an aiea of quite dense connective tissue 
extending in fiom the suiface of the kidney as a scai This connective tissue 
very laigely leplaces lenal elements 'ihe glomeiuh aie moie resistant t lan le 
tubules Magnification 125 diameteis 

it might be supposed that these vessels contiibuted to the accumulation 
of fluid, and m them should be found an anatomical lesion coiiespondmg 
to this assumed functional lesion Howevei, this ivas not the case, oi in 
othei woids, the methods of fixation and staining utilized did not succeed 
in demonstiating an}’’ anatomical lesion of these blood-vessels 

Thinking it possible that some laigei blood-vessels might show a 
lesion, in all of these labbits the aoita and infenoi vena cava neie hgatea 
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Table A 


No of 
Eabbit 


1 

2 

3 

4 

5 
() 

7 

S 

9 

10 

11 

21 

22 

71 

72 

73 
100 
101 
102 

103 

104 

105 
lOG 

107 

108 
109 
123 

198 

199 

200 
221 
226 
240 
249 
251 
259 
190 
128 


Weight 

of 

Rabbit 

gin 

No of 
Doses of 
Ui aiuuin 
Nitiate 

Total 

Amount 

of 

Uianiiim 

Nitiate 

gin 

No of 
Days Be 
tu een 
Fust 
Dose and 
Autopsy 
of Animal 

No of 
Days Be 
tween 
Last 
Dose and 
Autopsy 
of Animal 

1350 

3 

015 

- * m o 

3 

3 

1 

1 


2095 


1190 

1140 

1190 

1460 

1310 

2800 

1720 

1690 

1500 

1390 


3 

3 

1 

2 

1 

1 

2 

3 
1 
1 
9 

4 
1 
1 
1 
1 
2 
2 
3 

3 

4 
4 
4 

4 

5 
1 
1 
1 

22 
7 
1 
4 
1 
4 
3 
<2 


3 

3 

1 

7 


THE ARCHIVES Ob' 

RLfATIOX BeIWLCN LeSIOXS AND URAMUH NiTRATE 

Lesion 
in the 
Gloinei- 
nlus 


+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

0 

+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

+ 

+ 

+ 

+ 

0 

0 

+ 

0 

0 

+ 

0 

+ 

0 

0 

0 


035 

825 

725 

1040 

730 

1020f 

720 

930 

800 

985 

1950 


012 
012 
005 
010 
005 
004 

004 
003 
001 
001 
013 
0035 
001 
001 

005 
005 
010 
010 
015 
015 
020 
020 
020 
020 
021 
005 
005 
005 
044 
014 
005 
020 
005 
008 

015 

““ 'T fene<fto .s of 'S 

Of r»J“S’‘ort — 

SUMMARY 

1 + i.inflEcea by snbciitaneous injectiOB 

In acute expenmeutal nephubs P ^ „ degeneiat™ condi- 

of uianium mtiate, there occuis in «» J of vaiynig 

tion consisting nsnally of the ^ vessels of the ladney 

1 * X " acute nephiit. aa fa. aa 

made ont 


a 

4 
6 

17 

b 

b 

no 

130 

6 

5 
1 
1 
2 
2 
3 

3 

4 

4 

5 
5 
b 
5 
5 

5 
90 
33 

6 

60 
7 
18 
44 
33 


1 

1 

1 

1 

5 
4 

4 
21 

6 
1 ) 

15 

11 

b 

5 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
5 
5 

5 

21 

2 

6 
3 
7 
7 

11 

16 
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could be demonstiated the teeliiiical methods employed, is confined to 
a vascnlai stinctnie of specialized function, a more highly diffeientiated 
stiuctuie than that of otliei small blood-vessels, nameh^, to the eapillaiv 
loops of the glomeiiilus 


STUDY V EXPUROIEKTAL CIIRONTC NEPHRITIS 
U M SMlin, M D , BOSlOJf 


The liteiatuie of expeiimeutal nephiitis has been so lecently and so 
full} discussed by Chiistian,- Peaice,“ and otheis,-* that I shall not entei 
into am consideiation of it heie, noi shall I discuss the pioblems aiismg 
in connection ivith the e\pei imental \roik In the couise of the investi- 
gations cited in this papei manv acute lesions weie pioduced animals 
died befoie chionie lesions weie foiined, oi the acute lesion nbscuied the 
pictuie of a coincident chionic piocess The study of these acute condi- 
tions has not shown an} thing neu, and thoiefoie then consideiation is 
omitted It has been possible, howevei, to pioduce ceitain chionie 
changes in the kidnev, which I shall desciibe in some detail, togethei with 
an account of the methods employed m then foiraation 

The expel iments weie caiiied on in the laboiatoiv of the Depaitment 
of the Theoi} and Piactice of Plnsic, undei the dnection of Di Heni} 
A Clnistian The animals used weie labbits and guinea-pigs The lattei 
in my hands pioved leiy unsatisfactoiy , the gieatei pait of the woik is 
theiefoie based on the lesions as seen in labbits hlmetj^-five animals 
weie employed, eighteen veie eaiiied thiough a peiiod of tliiee weeks 
to tliiee months, and fifty-six thiough a peiiod of thiee months oi ovei 
The lemaindei died of acute lesions oi of some niteicinient di'^ease, 
usually pneumonia Most of the animals veie alloyed to go a ninubei 
of weeks without injection pievious to killing to exclude any acute lesion 


Fiom the Laboratoiy of the Pepaitnient of the Tlieoiy and Piactice of 
Physic, Medical School, Haivaid Umveisitj 

'This work was done iindei a giant fioiii the Pioctoi Fund foi the Study of 
Chronic Diseases 

'Rejioited at the Annual Meeting of the Association of Anieiican Phjsicians, 


May 3 5, 1910, Washington, D C 

2 Christian Experimental Nephiitis, Boston Med and Suig Joui , 1008, 
clviii, 410, Clinical Value of Recent Studies in Expeiimental Nephritis, Jour 
Am Med Assn, 1909, liii, 1792 

3 Peaice Pioblems of Expeiimental Nepluitis, Inn ARCimcs I\i Mto , 

1910, V, 133 _ , , 

4 Dickson A Repoit on the Expeiimental Pioduction of Chionie ^ephritis 

in Animals by the Use of Uianium Nitiate, The Akchives Ixt . > r'lirknir' 

375 Emeison An Expeiimental and Ciitical Study of the Etio o 
Nephritis, Thu Archives Ixt Mei>, 1908, i, 485 Ljon Experimental ^ 
loL Path and Bacleuol , ISOt, .v 400 OpIn.I, If? Mmll 

r.egaid to E\penmeiital Xephntis, Joui Med Eeseaich lOOS, mii 4 P 

Chionie Expeiimental Neplnitis Join Am Med Asaii , /, xiin 
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Ihiee dings weie used nianiimi nitiate, potassium bichiomate and 
aisenic, m the foim ot Fowlei’s solution otliei duigs ueie tiied 
because it was felt that it would be best to have a laigei nuiiibei of olisei- 
vations ot lesions piodiiced by a few diugs, fiom which moie accuiate 
conclusions might be diawn 

The question oi dosage was a mattei to which consideiable attention 
uas given and no little e.\peiinientatioii It uas found foi a labbit of 
aieiage weight (1 500 to 2,000 gm ) 5 mg of iiiamiim nitiate vas as 
much as it was sate to give, since laigci doses killed the animals in man} 



Fig 10 — Eabbit 129 Kidney shows maiked dilatation of one tubule, mod- 
el ate dilatation of the gloiiieiulai space in one glonieiulus, with suiioundiiig con 
nective tissue inciease and atiophy of tubules 


instances This dose gave a rathei seveie acute nephiitis, but the gieat 
majoiity of the animals suivived By following the fiist-nsed animals 
very carefully it was found that in about three weeks the mine uas neailf 
normal, i e, the attack of acute nephritis was neaily over Tins luteival, 
three weeks, was taken, therefore, as the time at ivliich the injections weie- 
to be repeated Another method of employing this drug was to give veir 
frequent small doses Foi this puipose 2 mg eveij thiee days weie used 
The comparative results of the two methods of injection will be discussed 
later Potassium biehi ornate was used in a 1 per cent solution Heie 
also the size and frequency of dosage was deteimined by expenmentation^ 
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and 0 0135 gm of potassium bichi ornate eieiy tliiee necks was decided 
on as the most satisfaetoiy Fowlei’s solution was given m fiom 8 to 10 
mmini doses, siibciitaneonsl)^ and by stomach-tube, lepeated even thiee 
weeks 

In guinea-pigs, loi =ome leason oi otlici, it was impossible to use the 
doses ot uianium nitiate lepoited by otheis Moie than 0 5 mg foi an 
aiei age-sized giiinea-pig was fatal m most cases One-half mdligiam 
even thiee weeks nas theiefoie used Peihaps the smallness of the dose 
in some mcasiiie accounts foi the unsatisfaetoiy lesults Bichi ornate of 



I'lg 11 — Eabbit 221 Kidney shows aiea of connective tissue ineiease with 
maiked dilatation of a gioup of tubules Magnification 125 dianieteis 

potassium was given, 0 005 gm eveiy thiee neeks No guinea-pigs neie 
tiled on Fowlei’s solution 

Beside the animals used m these evpeiiments, fift} labbits weie 
studied to exclude the possibility of the conditions deseiibecl being due 
to spontaneous lesions Some lesion ivas found in eleien of these fifty 
labbits, 01 20 pei cent The lesions when found consisted in almost eveiv 
instance of a single aiea of loiind-cell infiltiation, connectne twsue 
inciease oi a small gioup of dilated tubules Six of the sections showed 
such a slight laiiation fiom noimal as to be piacticalh negligible 
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Anotlioi showed nothing but a connective tissue inciease Tmo showed 
inodeiale dilatation oi tubules, but little else The lemaining two showed 
M ell-niaiked legions — one of the animals had had intiavenous injections 
oi spaitein sulphate and adieiialiii (epinephiin) chloiid eveiy dav foi 
two months The OApeinnental labbits having iiianiuni nitiate and 
potassium bichi ornate injections iimnmg ovei thiee months fiom the time 
of the fust injection to the time of aiitopsj^, thiitj^-nine in numbei shoved 
lesions of one foim oi anothei in thiitj-six cases oi 92 3 pei cent Seven 
guinea-pigs A\eie similailv tieated and foiii oi 571 pei cent showed 
legion'! The peicentage of expeiimental labbits having lesions is so laige, 



12 — Eabbit 2GS Section slioiis nijocaidium -viith inaiKed congestion 
of capillaiies Magnification 185 dianieteis 


the peicentage of contiols with lesions so small and the lesions so insig- 
nificant when piesent, that it makes it impossible to assume that the 
lesions in the expeiiiiiental animals weie otliei than the lesult of the 
injections given The cliionic lesions caused by uianium nitiate and 
potassium bielii ornate weie the same, and will theiefoie be deseiibed 
togethei 

Tliiec side-studies, so to speak, vv'eie made on this senes of amnia s 
(1) the Heights of lieait and kidnejs in leMion to the bodj-v eight of the 
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animal and in i elation to each otliei, (2) the effect of sodium chloiid 
and watei in the pioduction of edema, (3) a functional test in excieting 
phenolsulphonephthalem These inA'estigations aie consideied sepaiately 
m othei papeis and aie theiefoie onl}^ mentioned heie 

The kidne^rs, inacioscopicall}'', weie, in most cases, noimal m appeal - 
ance and in all the capsule stnpped easily On section the mai kings ueie 
distinct and the coitex not nan owed In some the suiface was coieied 
witli many iiiegulai, sniallei and laigei depiessions and on section bands 
of fibious tissue could be seen iimning down into the substance of the 
oigans These macioseopie lesions occiiiied piineipally in the animals 



Fig 13 — Babbit 266 Section shows a portion of myocaidnim ivitli inteistitial 
edema and model ate connective tissue inciease Magnification 1S5 diameteis 


that had leeeived potassium biehi ornate (Eabbit 225, ffig 1, and Eabbit 
257, Fig 2) 

Micioscopically vaiiations iiom the noimal weie seen in thiee mam 
paiticulais The most fieqiient abnoimality was loimd-eell mfiltiation 
This oceuiied in the animals which had leceived uianium and bichiomate 
injections, but most consistently m those leceiting the large doses of 
maninin The aieas of mfiltiation, though often vei} small, neie fre- 
quently of eonsideiable size Then location was variable but thei vere 
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most often found m the coitc\ and in the laigei nmnbei of cases neai 
the peiipheiy (Babbit 128, Fig 3, also Babbits 177, 189 and 195) 

Beside this inhltiation of lound cells, in a ceitaiu numbei of animals 
theio was foiniation of definite connective tissue The connective tissue 
foi the most pait vas laiily ^oung (Babbit 130, Fig 4), but in some 
instances was old, having gone on to a hbious tissue stage (Babbit 190, 
Fig 5, and Babbit 226, Fig 0) Tlie dishibution of the connective tissue 
was usually neai the peiiphei}'' of the oigan It often was so extensile as 
to leplace entiiely the tubulai poition of tlie Icidnci ovei eonsideiable 
aieas, leaiing a few tubules lu the centei as a small island (Babbit 129, 



Fig 14 — Eabbit 79 Section shows moaeinte connective tissue inciease, 
edema, and model ate cellulai infiltiation of the niyocaidium Magnification 
185 diaiueteis 


Fig 7) Usually in sections showing an inczease in connective tissue the 
connective tissue was seen as tiiangulai foci lunning into the substance 
of the oigan fiom the peiipheiy with the apex inwaid It was tliese 
fibious bands vhich weie found in connection with the macioscopic 
depiessions on the suifaee of the kidney (Eabbit 245, Fig 8 257, Fig 9, 

see also Babbits 124, 207, 208 and 264) 

The most distinctive lesion which was found, a lesion closeh ie«eni- 
bling that associated with ehionic mteistitial nephiitis in man vas a 
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dilatation o£ the convoluted tubules and gloraeiulai spaces This occuiied 
foi the most pait in sections which showed the othei two conditions and 
most tiecpiently in those animals which had had large doses of the dings 
The dilatation was patch} in distiibiition as weie the aieas of lound-cell 
infiltiation and was most often located in that poition of the eoiiex 
diiecth beneath the capsule The gloineiular spaces showed mucli less 
dilatation than the tubules (Eabbits 129, Tig 10, and 221, Fig 11, see 
aTo Babbits 192, 193 and 196) 

Tn the animals which had leceived aisenic, macioscopic examination 
ot the kidnejs showed nothing abnoimal Micioscopicalh the kidney 



Fig 15 — Babbit 279 Section shons a veiy cellulai focus of piolifeiation in 
tne nnoeaidiiini Magnification 185 diaineteis 


sections fiom animals which had lecened the cliug by mouth shoved 
nothing, and in those given subcutaneous injections the only change seen 
vas distinct congestion of the glomeiuli vithout an} appaient damage to 
the endothelium Tn the cases wheie no injection had been gnen for a 
Iona time theie vas a little meiease in the numbei of cells in the 
glomeiuli These findings aie in accoid with the lepoits ot othei imesti- 
gatois (Babbits 333, 338, 243) 
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lo leiteiate m concliisiori, to pioduce the moie distinctive ]esions of 
clnonic inteistitial nephiitis expeiimentally the best results Mill be 
obtained by using as laige doses of nianium nitiate and potassium bichio- 
mate as the animals null stand, lepeated at thiee M^eek inteivals foi three 
months oi longei Biehiomate of potassium produces more fibious tissue 
foimation Muth macioseopie depiessions on the suiface of the kidney than 
uianium nitiate Small fiequent doses of uianium nitiate cause patchy 
lonnd-cell infiltiation thioughout the coitex of the kidney and much 
ineiease m eonneetiye tissue Aisenic pioduees no ehionic niacioscopic 
01 micioscopic lesion of the kidne}, except congestion and slight inciease 
of cells of the glomeiuli 



Fig 10— Eabbit S2 Section shows myoc'iitliuni infiltiatecl nitli new con^ 
neetive tissue, faiily cellular, which sepaiates muscle fibeis Magnification 185 
diameteis 


The piotoeols of the animals follow 

Peotocol 124 — Eabbit Weight 1870 Caged Octobei 12 On 13th given 
0 001 "m uranium nitrate Same on October 14, 15, 16, 18, 19, 20, 21, - > 

25 26^ 27, 28, 29 On 30th 0 002 gm of same Same on November 1, ana 
eveiv thud day until Febiuaiy 10 Killed May 12 

Functional Test— Twenty-five per cent of phenolsulphonephthalein given, 

^'^‘^^Autovsy — Excess of fluid in peiicaidial caMtj, which was bulging iSo 
ede,treSM.e.e He,rt «e.ght 5 75 Kulnejs, 115, g». 




of n ^ ^ ‘^’^eess nf ^ ®^«iiejGr? 
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Autopsu— No edema Ileait weight 5 gm Kidnejs weight 10 2 gm , coite\ 
pale, imcxoscopically theie m ^eiy slight lecent destiuction of the tubules, in 
many aieas theie is connective tissue inciease Mith dilatation of tubules and 
some glomeiulai spaces 

PRoaocoL 177— Rabbit Weight 1250 Caged Novenibei 9 On lOtli given 
0 004 gm uianium nitiate Repeated Decembei 2, 23, Januaiy 13, Pebiuaiv 3 
24 Killed May 7 ^ J > 

Functional Test — Fiom 40 to 50 pei cent of phenolsulphonephthalein 
e\cieted in one lioui 

Autopsy — No edema Ileait weight 3 91 gm Kidnejs, weight 1175 gni , 
inacioscopically noimal, imcioscopically maiked patchy and diffuse loundcell 
infiltiation, mostly in the coitev, but also in the medulla, many bands and 
patches of connective tissue often iimning in fioni the peiiplieiy and containing 



Fig IS— Rabbit GS Section shows lathei laige focus of faiily dense connec 
tive tissue suiiounding a small bloodvessel and infiltiating between adjoining 
muscle fibeis Magnification 185 diameters 


dilated tubules in consideiable numbeis, some of the glomeiulai spaces are also 
gieatly dilated 

Protocol 189 — Rabbit Weight 1400 Caged Noiembei 16 On 17tli given 
0 005 gm uiamum nitrate Repeated December S, 31, Januaiy 20, Febiuaiy 14, 
Maich 11, 28 Killed Apiil 27 

Functional Test — Fifty pei cent of phenolsulpbonephthalem exeieted in one 

Autopsy— No edema Ileait weight 5 5 gm Kidneys, weight 12 9 gm , 
macioscopically many white specks on suiface micioscopically maiked inciease 
m lymphoid cells scatteied iiiegularly thioughout the section and often leij 
diftifsely, some inciease in connectue tissue and a little dilatation of the tubule. 
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lyowcoL m~BabbA Weight 1300 Caged x\Tovenibei IG On 17th 
0 OOj gin of manium mtiate Repeated on Deceinbei 8 and 31 Died Januaiy 11 
AHtopsi/~No edema Ileait weight 3 31 gm Kidneys, weight 12 85 
macioscopically laige and soft, inici oscopieally show lathei diffuse conneclive 
tissue iiici ease leplaexng tubules in some places, especially maiked at lunction 
ot coi te\ and medulla, leiy little dilatation ot tubules 

PnorocoL 192 Rabbit Weight 1470 Caged Novembei 18 On 19th ^iven 
0 005 gm uianium nitiate Repeated Decembei 11, Januaiy 3, 23 Maich 11 28 
and killed Apiil 30 ’ 


Functional Test — Slight delay in e\eietion of phenolsnljihonephtbalein 
Autopsy— 'Ko edema. Heai t n eight 3 4 gm Kidneys weight 8 gm Macio 

scopicall} noimal Mici oscopieally many small seatteied patches of loundcell 
infiltiation, main bands of connective tissue i tinning fioin the penpheiy and 



Fig 19 — Rabbit 273 Section shows noinial peiicaidiuin vith slight heinoi 
ihagic e\udation and congestion of subpeucaidial miocaiduim Magnification 
ISo diameteis 


patches seatteied elsenheie in coite\ In this theie is also an infiltiation of 
Ijmplioid cells and many dilated tubules 

Protocol 193 — Rabbit Weight 2500 Caged No%enibei 18 On 19th gue^ 
0 005 gm uianium nitiate Repeated Decembei 11, Januaij 1, 23, Febiuui 17, 
Mai eh 11, 28 Died Apiil 29 

.1 Htops y —No edema Heai t v eight S 4 gni Kidne’i s w eight 14 9 gm :\1 lei o 
scopicillj iioiinal Mici oscopieally, consideiable lound cell infilti ition sitiii e 
almost entiiely in bands lunning m fiom the peripheij In the>e ueis muc i 
inciease of connective tissue and sonietunes in the niedull'i In lo ^ 
connective tissue, often Aen evtensne theie is marked dilatation ot tlie tabu t- 
Some dilatation of tubules and glomeiuh elsewhere 
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n K*ibbit Weiglit 1200 Caged iS^ovenibei 18 On lOfcli o-iven 

0 OOo gm inanuim nitiate Repeated Decembei 11, Jamiaiy 1, 23, Febuiaiv 14 
Maicb 11, killed on Mai eh 27 ^ ’ 

Functional Test Fiftj^ pei cent of plienolsiilphoneplithalein e\cieted in one 

llOlll 

Autopsy JJo edema Ileait weight 3 5 gni Kidneys, weight 12 1 gni , 
capsule stiips easily, micioscopically veiy maiked i mind-cell infiltiation in fong 
bands lunning fioni the coitev and in scatteied patches, veiy little connective 
tissue inciease oi dilatation of the tubules oi gloineuih 

Protocol 19G — Rabbit Weight 1200 Caged Kovembei 22 On 23d given 
0 005 gm uianium iiitiate Repeated Decembei 10, Januaiy 0, 27, Febniaiv 17. 
Maich 11, 28 

Functional Test — 'Jhnty pei cent of phenolsulphonephthalem evcieted in one 
hoin 



Pig 20 — Rabbit 279 Section shows thickening of peucaidiiim with ineieased 
cellulaiitj of peiicaidium and myocaidiiim Magnification 185 dianieteis 


Autopsy — No edema Heait weight 4 5 gm Kidneys, weight 13 gm On 
section cortex veiy pale Micioscopically scatteied tluoughout the section theie 
aie a few small patches of lymphoid cells Gieat amount of connective tissue 
foimation, entirely leplaeing the tubules in some poitions of the coitex In the 
connective tissue "usually neai the periphuv but also piesent in the deepei 
portions aie manj dilated glomeiulai spaces 

Protocol 207 —Rabbit Weight 1530 Caged Decembei 2 On 3d given 

0 005 gm uianium nitiate Repeated eveiv thud day until Maich 28 Killed 

Test— Sixtj per cent of phenolsulphonephtlialem excieted in 

one houi 
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Autopsy — edema Ileait weight 4 2 gm Kidnejs, ^veiglit 9 G gm , coite\ 
stups easily, \eiy pale on section, otlieiwise iionnal Micioscopically the capsule 
e lea li is ^ei^ iiiej^^iilai in outline with some connective tissue 
inciease often luniimg iii fiom the depiessions, some loundcell infiltiation in 
the newly-foimed coanectne tissue and in small patches elsewheie, some dilatation 
of the tubules and glomeiuh, especially the lattei 

Pkotocol 208 —Babbit Weight 1740 Caged Decembei 2 On 3d given 
0 005 gin uiaiiium nitiate Eepeated eveiy thud day until Mai eh 28 Killed 
Apiil 28 

Functional Test — ^^^eiy sliglit excietion of phenolsulphoneplithalein in one 
houi, too small to estimate 

Autopsy — Excess of fluid in all body cavities Heait n eight 6 42 gm Kid- 
neys, weight 1195 gm , macioscopicallj noimal, capsule ships easily Mieio- 



Fig 21— Babbit 2GS Section shows slight thickening of peiicaidium with 
slight edema and congestion of vessels of peiicaidium and niyocaidiuin Magnili 
cation 185 diameteis 


scopieally veiy little loumlcell infiltiation, but maiked inciease of connective 
tissue Some poitions of the section show no tubules, the whole field being 
made up of connective tissue Fiequeiitly small islands of tubules inav e seen 
m the mass of smiounding tissue Seatteied diftuselv tluougb le organ ire 


some slightly dilated tubules 

Pbotocol 221 — Rabbit M'eight 1469 

0 005 gm uianiuin lutiate Repeated eveij 


Cao'ed December 2 On 3tl given 
thud div until 3fuch 21 Killed 


ilaich 24 

Autopsy — No edema Heiit 
macLOSCopiealh appeal noiniil 


wembt 4 4 gm Kulnevs, weight 11 G g»' 
niicToscopicanv «how pitches ot m/iUi itio» 
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witli louiul ec4Is and mens of inciease in connective tissue Tlieie is considei 
able dilatation of the tubules in gioups oi bands and some glomeiulai spaces 
aie also much inci eased in size 

Protocol 225 Eabbit Weight 1700 Caged Deeembei 6 On 7th given 
21 miiuins 1 pei cent solution potassium bichiomate Repeated Deeembei 31 
Januaiy 22, Febiuaiy 10, Maich 3 Killed Maich 24 ’ 

Autopsy Slight amount of stiaw coloied fluid in the abdominal cavity, none 
in thoiacic cavity Ileait weight 5 7 gni Kidneys, weight 12 5 gui , niacio 
scopically noimal, except foi small depiessions on the suiface, micioscopically 
theie aie small stiips of connective tissue j mining in fiom the depiessions on 
the suiface, in uhicli there is consideiable loundcell infiltiation No dilatation 
of the tubules oi glonieiuli 



teis 


Protocol 226— Rabbit Weight 1310 Caged Deeembei 6 On 7tli gnen 
0 002 gm uranium nitiate Repeated Deeembei 11, 23, 31, Januaiy 3, 6, 10 
Found dead Januaiy 12 

Autopsy — Kidneys micioscopically, consideiable inciease in connective tissue 
with consequent disappearance of tubules Some of the connective tissue is 
faiily cellular, othei poitions much less so There aie a few patches of dilated 


17tli gueii 


tubules 

Protocol 233— Eabbit Weight 1600 Caged Deeembei 16 On „ 

8 minims Fowler’s solution subcutaneouslj Repeated Deeembei 23, Janiiaij 3, 
10, 17, 25, Febiuaiy 3, 14, 24, Maich 12 Killed Apiil 28 

Functional Test- Fiom 60 to ')0 per cent plienolsulplioiiephtlialem excietecl 

in one houi 
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Autopsy Xo edema Ileait weight 5 3 gm Kulnevs, mieioscopically aie 
noimal, e\cept foi congestion of glomeiuh and some inciease in cellulai elements 
Protocol 238 — Rabbit Weight 1730 Caged Deeembei 16 On 17th given 

S minims Fowlei’s solution by stomacli tube Repeated Deeembei 23, Januaiy 
3, 10, 17, 25, Febiuai} 3, 14, 24, Maich 12, killed ilaj 12 

Functional Test — Si\t} pei cent phenolsulplionephtlialein e\cieted in one 
hoiu 

Autopsy ~Ko edema Heait weight 5 55 gm Kidnejs, weight 1115 gm , 
macioscopicallj show’ a few pinpoint hemoiihagie spots with slight dep'ies- 
sions :Micioscopically a few small patches of louiid cell iiihltiation Glomeiuh 
^ely much congested with some inciease in the cells 

Protocol 243— Rabbit Weight 2280 Caged Januaiv 1 On 3d given 
10 minims Fow lei’s solution subcutaneously Repeated on 10th and 17th Found 
dead on 19th 



Fig 23 — Rabbit 79 Section shows at one side few' fibeis of the uppei hyei 
of the mj'ocaidium Rest of section composed of veiy mucli thickened, celluJii 
vasculai peiicaidium Magnification 185 diameteis 


Autopsy — No edema Heait w’eignt 7 3 gm Kidneys, weight 10 0 gm , caj) 
sule stiips easily On section pm point hemorrhagic spots seen in coitex Micio 
scopically the glomeiuh aie much congested and appeal largei than nornnl, 
because vessels aie full of blood OtherYTise noimal 

Protocol 245— Rabbit Weight 2030 Caged Janiiaii 3 On 4th gnen 

0 0125 gm potassium bichiomate Repeated Januaiy 25 Feb 10, Mircli 


Died March 11 . 

Autopsy — ^No edema Mieioscopically the kidneys siiow the 
inciease in connective tissue situited foi the most put near the 


char icteri'tn. 
periphery uid 
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often entnely leplacing the tubulax stiucture 'Iheie aie also a few dilated 
tubnles 

Pkotocol 257 Rabbit Weight 2330 Caged January 7 On Stli gn en 
21 niinmis potassium biclii ornate, 1 pei cent Repeated on 27, Eebiuaiv 10 
Maicli 3 Found dead Apiil 13 

Autopsy — No edema Slight acute fibiinous peiicaiditis Heart weight 0 35 
gm Kidneys, weight 10 8 gm, macioscopically capsule stiips easily, suiface 
\eiy iiiegulai with many deep depressions On section bands of connective 
tissue can be seen lUiimng down fiom the depiession into the substance of oigan 
Micioscopicallv in the aieas beneath the depiessions aie bands of connective tissue 
which have almost entnely leplaced the tubules, though the glomeiuli still leniain 
Tlieie IS some inciease in lymphoid cells, but no dilatation of tubules 



Fig 23 — Rabbit 206 Section shows much thickened cellulai ivisculai pen 
caidium with papiilai suiface Magnification 100 diameteis 


Protocol 264 — Rabbit Weight 2100 Caged Januaiy 31 Febuiaiy 13 
triven 0 002 gm uianium nitrate Repeated eveiy thiee days up to Maieh 2S 
Killed April 30 

Functional Test — Twenty -foui pei cent of phenolsulplioiiephthalem evereted 
in one hour 

Autopsy — Slight amount of free fluid in all cavities Heait u eight 4 3 gm 
Kidneys, weight 12 gm , macioscopically noiiiial Capsule strips easily Some 
small areas of round cell infiltiation scattered tiuougli this section Veij 
marked increase m the connective tissue, otten in long bands lunning fiom 
peiipheiy down into medulla or scatteied in smaller areas iiiegulaily thioiigh 
the cortev In the connective tissue theie aie a few moderately dilated tubules 

222 Mailboiough Street 
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STOD\ VI STUDY OF TIIU AM:fGIIlS OF KIDXEYS AXD HEARTS IV VOEM IL 
RABBliS AVD IV THOSE B ITH LXPERFMEVTAL CIIROVIC VEPHRITIS 

K Af SMIIII, MD, BOSTOV 

In the coiiisc of t])e shuh ol animals with expeiimental nephiitis it 
has been possible to collect a coii'^Kleiable amount of mateiial concerning 
the coinpaiatne weights of the heait and Jcidnejs m labbits Theie wmie 
aiailable also in the laboiaton man} data on noimal labbits, wdiich seived 
as a standaid ol weights Tlie ob‘:ei\ations seem sufficiently mteiesting 
to leeoid " ° 



Fig 25 — Rabbit 2G8 Section shows a poition of nnoeaidium w^itli oieihuig 
endocaidium Endocaiduini sliows piolifeiation of the endothelial ctdls with 
slight edema of the endoeaidial lajei Afagniiication 185 dianieteis 


Giobei^ lepoits fiom a stiuh of caidiac lijpeitiopln in lelation to 
exeicise tliat in caged labbits the piopoition of the bod} -weight to the 
weight of the heait is as 1 is to 0 0024 This figuie coiiespoiids leiv 
closely with that of oui noimal labbits, tlieiefoie it is taken as the 

'This woik w IS done iindei a giant fiom the Pioctoi Fund foi tlie Stndi or 
Chiomc Disease^ 

"Repoited at the Annual Meeting of the As-ociition of Anieiicin P]n>n.nH' 

May 3-5, 1910 M I'shington DC n i 

5 Giobei Unteisuchungen /in AiheitGnpeiliophie de> ITei/di- D. ut-cli 

Aieh f klin Aled 1007 \ci 502 
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stcUidaid Xo figmes could be louiid m legaul to the latio of bodA- 
u eight to tlie m eight of the kidneys — oui own w^eights Yai\ consideiably — 
Imt the gieat niajoiitv aie betw'een 1 to 0 00o5 and 0 0075, the aveiage 
ol twent\-tiNe labbits wab 0 OObU Tins makes tiie lelation ol the weight 
ot the heait to the weight of the kidneys as 1 is to 2 75 

Jn home instances it was soinewdiat dithcult to deteiniine the o\act 
weiglit of the animals Often dining expeiiinentation an animal lost 
weiglit inaikedlv, so that at the time oi death it'^ bodx weight was 
obviously less than it should be xVlso, some of the female labbits weie 
piegiiant, and this oi couise lucieased then w^eigbt In mo«t instances 
the weight ot the animal at the beginning ot the expeiiinent was taken 
as the collect body-w^eight Onh maiked laiiations liom the noimal in 
lieait and kidneis weie consideied as pathological It the weights seemed 
soinewdiat abiioiinal but the piojioition ot heait to kiclnei was not dis- 
tuibed no account was made ot the laiiations 


't mcL 1 — 1 w I X iy-Fi\ 1 Xoiar vr 11 mans 


No 

t\ t of 

Wt of 

Wt ot 

of 

Wt of 

Wt of 


Annual 

Ileai t 

Knliiei s 

Animal 

Animal 

Heait 





to Wt of 

to Wt of 

toWt of 





Heait 

Kidney s 

lYulnei s 





as 1 IS to 

I's 1 IS to 

as 1 IS to 

1 

1320 

3 2 

9 67 

00242 

00732 


2 

1310 

3 5 

9 75 

00252 

00744 


3 

1300 

3 1 

9 7 

00238 

00746 


4 

1200 

2 94 

8 64 

00228 

00670 


0 

1380 

3 15 

10 5 

00228 

00760 


6 

1335 

25 

9 a 

00187 

00674 


7 

1350 

2 S 

84 

00207 

00622 


8 

1350 

2 95 

7 74 

002 IS 

00573 


0 

1365 

4 84 

8 75 

00354 

00641 


10 

1320 

2 52 

<) 44 

00190 

00715 


11 

1250 

23 

6 7 

00184 

00536 


12 

1175 

2 25 

69 

00191 

00587 


13 

1130 

28 

8 4 

00247 

00743 


14 

1120 

27 

S 2 

00241 

00732 


lo 

1180 

23 

7 3 

00194 

00610 


lb 

1070 

2 87 

8 5 

00268 

00794 


17 

1150 

2 3 

8 1 

00200 

00704 


18 

1410 

3 35 

9 35 

00237 

00677 


19 

1120 

39 

87 

00348 

00777 


20 

1270 

34 

7 6 

00267 

OOGOO 


21 

1300 

3 4 

64 

00261 

00492 


22 

1240 

36 

69 

00290 

00536 


23 

1250 

2 9 

7 5 

00232 

00600 


24 

1400 

4 

9 75 

00285 

00696 


25 

2200 

6 4 

15 2 

00294 

00691 


Aveiage 




0024 

0066 

2 75 


xk study ot the kidne} sections tiom the oigans whose w^eight showed 
a vaiiation fiom the noimal did not establish any definite basis ioi this 
change The same was tiue of those animals in which theie was caidiac 
h} 116^11 ophy These animals showed no gieatei loimd-cell infiltiation. 
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counectue tissue toimatioii oi dilatation ol tubules ot the kidnei than 
those oi the same gioups with noinial u eights 

1 U5LL 2 — Uu VMLM SUUI S 


Xo 

\tt of 

5\t of 

55 t of 

55 t of 

55 t of 

55't of 


Animal 

Htai t 

Kuliie\ t 

Animal 

Animal 

Ileait 





to 55't ot 

to 55 t of 

to55h of 





Ilent 

Kullle^ s 

Kidiiej s 





as 1 IS to 

as 1 IS to 

as 1 Is to 

130 

2230 

3 

10 2 

00222 

0045 

2 04 

221 

140(r 

44 

11 0 

0030 

0080 

2 6 3 

ISO 

1400 

5 5 

129 

0039 

0090 

2 34 

193 

1200 

3 5 

12 1 

0029 

010 

3 45 

207 

1530 

1 2 

9 0 

00201 

00626 

2 28 

102 

1470 

3 4 

8 

00231 

00544 

235 

204 

2100 

4 3 

12 

00204 

00571 

2 79 

100 

1200 

4 5 

13 

00375 

0108 

2 88 

194 

1300 

3 5 

10 

0027 

0076 

2 85 

247 

1430 

4 0 

11 7 

0032 

0081 

2 54 

2G1 

1700 

4 3 

10 8 

0024 

0061 

2 51 

227 

1 350 

3 0 

8 1 

0020 

000 

2 25 

252 

2300 

00 

15 7 

0026 

0002 

2 38 

107 

1200 

37 

83 

0030 

0069 

2 24 

250 

2400 

5 8 

12 7 

0024 

0053 

2 17 

124 

1870 

5 75 

1 1 55 

00306 

0061 

2 00 

120 

1520 

3 8 

72 

0025 

0047 

1 80 

20S 

1740 

0 42 

11 95 

0037 

0069 

1 89 

209 


0 05 

11 00 



1 94 

200 

1375 

4 05 

7 75 

0029 

0049 

1 66 

190 

1390 

3 31 

12 85 

0023 

0092 

3 89 

249 

2080 

5 1 

11 5 

0024 

0056 

2 25 

24S 

1720 

42 

9 52 

0024 

0055 

2 26 

177 

1250 

3 91 

11 75 

0031 

0094 

3 0 

178 

1580 

48 

11 8 

0030 

0074 

2 40 

187 

1300 

2 9 

7 2 

0021 

005 3 

2 47 

193 

2500 

84 

14 9 

0033 

0019 

1 77 
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No 

55 t of 

5Vt of 

5Vt of 

55"t of 

55’t of 

55 t of 


Animal 

Heal t 

Kidiie\ s 

Aiimial 

xtiiimal 

IICMlt 





to 55’t ot 

to55t of 

to 55 t of 





He u t 

Kulne^ s 

Kidne\ s 





as 1 IS to 

IS 1 l-' to 

as 1 is to 

134 

1850 

4 1 

12 9 

0022 

007 

3 14 

135 

1900 

5 0 

87 

0026 

0046 

1 74 

231 

1330 

4 

10 8 

003 

0081 

2 7 


0021 
0010 
0020 
00272 
0047 
0030 
0028 
00 33 
0020 
0032 


0001 

0045 

0005 

0040 3 

013 

0070 

008 3 

007 3 

0048 

0007 


The stud 5 ot the chaits howevei, shows tome mtciettini; tacit Ot 
the annuals haMUg lesions pioduced inanuuu nitiate and jjota'-'iiiin 
bicln ornate taken togethei 39 4 pei cent thowed -ome \aiiatiom i uii 
noimal of the weights ot heait and kidnei' 4 he tiuallt't ])ticinra_c 
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) 

in those haMiig iiianmm mtiate in laige doses evei}'- tlnee weeks^ but 
histologically, they showed as a gioiip veiy inaiked lesions Ove/one- 
hali of those showing vaiiations, eight in nuinbei, oi 215 pei cent, 

showed a small kidnei, one-half oi them associated with cardiac 
hipeitiophy 


'lAuir 4 — Fownu’s Soloiioa Scrils 


Xo 

^\t of 

Wt of 

Wt of 

Wt of 

Wt of 

Wt of 


Amiiial 

Ileai t 

Kulnevs 

Animal 

Animal 

Heait 





toWt of 

toWt of 

toWt of 





Ileait 

Kidneys 

Kidneys 





as 1 IS to 

as 1 is to 

as 1 IS to 

217 

1050 

58 

14 5 

003 

0073 

2 50 

23G 

1020 

5 35 

172 

0027 

009 

3 21 

235 

2500 

() 8 

18 7 

0027 

0075 

2 75 

230 

2250 

> 1 

14 0 

0022 

0065 

2 86 

243 

22S0 

7 3 

10 0 

0032 

0074 

2 31 

234 

2470 

4 80 

11 0 

0019 

0048 

2 45 

238 

1730 

5 55 

11 15 

0032 

0064 

2 

253 

2250 

5 5 

11 

0024 

0049 

2 

255 

2180 

5 1 

158 

0023 

0072 

3 

254 

1050 

5 15 

12 1 

0020 

0002 

2 26 


4 MILL 5 — Amm\.ls Euamnc. 0\lr 3 :Momiis 


o 
o S 


W! ^ 

2 « 
C <y 
ra I— ( 
(-1 

14 r- 

~ S 




tn 

V 

I - 

>4 S 

C 

S tD 

3 S 


w 

o 

'2 2 
WS 

n- cj 

a 

S 3 

CChA 


w 

a 

-5 

c; 

C5- 


Uian 0 002 gm eveiy 3 dajs 

11 

6=54 5% 

2 2 

2 

0 

Uiaii 0 005 gin eveiy 3 weeks 

15 

3=20 % 

0 0 

1 

2 

Pot Biclnom 0 0125 gin ovei’i 

3 weeks 

12 

0=50 % 

2 1 

1 

2 

Uian and Eicliioin togethei 


15 

4 3 

4 

4 


38 

30 4% 

10 5% 7 0% 

10 5% 

10 5% 

I' on lei’s sol 8 10 m eveij 

3 w eeks 

8 

4=r50 % 

1 1 

0 

2 

total 

46 

19 

5 4 

4 

6 

Tabll 6 — FuAcriOA vad Eiicjia 

lESlS 

IN Anisials wuth Abnoraivl Wnronas 

Ko Functional Test Edema Test 
liied Delay Tiied Piesent 

Animal witli small kidiiev, noiinal heait 5 

3 3 

5 

0 

Koimal kidney, laige heait 


4 

3 2 

4 

3 

Small kidney, laige heait 


4 

2 1 

5 

2 

Laige kidney 


6 

5 1 

5 

0 


The animals with small kidne’^s and noiinal heaits in which the 
functional test was tiiecl, all showed dela3'ed excietion, but none of them 
had edema Thiee out of foui of those with heait h^peitiophy in 
addition showed edema Those i\ith laige kidneis showed, with one 
exception, noimal excietion and no edema 

Tuitliei obseiiations in a laigei niimbei of animals aie neeessan 
before definite conclusions can be diawn 
222 11 11)01 ougli Stieet 



H A CERWTIAy—R . 1 / SMITH— I G IVALKER 


501 


SrUDI VII PRODUCTION' OP EDEMA IN EXPERIMENTAL CHRONIC 

NEPHRITIS 

R '\r sjinir, MU, BOSTON 

Among the pioblems connected with the study of expeiimental 
nephiitis, IS the question of the foiination of edema and the i elation, if 
any, which it beais to the lenal lesion Theie seems to be a lathei geneial 
belief, suppoited by ceitain e\peijnientai woik, that injiiiy to the tubules 



Fig 26 — Rabbit 279 Section shows portion of entlocai diiiiu nith inodciatt 
cellular infiltiation Myocardium shows cellulai iiihlti itioii 3Lignificatioii 
185 diameters 

of the kidney alone will not cause edema, but that tlieie must be m 
addition some lesion ot the lasculai system Wliat pait sodium cldoiul 
plan's in the pioduetion ot edema has also been studied i)i mam imcrti- 

•^This woik was done undei a giant fioiii the Pioctoi lund lor the Stud' 

Chi onic Diseases ,,, 

•‘Rcpoited at the Annual Meeting of the A^-ociitnm or AiiKUtin iJn-uni 

May 3 5, 1910, IVashington, D C 
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gatoi" In acute nephiitis, piocluced uianuun mtiate and laiely by 
potasfc.imn bicln ornate, edejiia occuis A\ithout the addition of salt to the 
diet 01 i\ itliout tlie adniinistiation ot both bait and uatei in e\eess This 
does not occin, lioweiei, in cliionic no])hiitis in labbits, except vei_) 
laieli, and not at all in the senes ol animals in this laboiatoii 

Tlie fo! lowing expeiinient was earned out to see it any fiiithei light 
could bo thiowui on this suhiect All the animals used foi expeiinient 
had leconed toxic substances extending ovei a peiiod in excess of thiee 
nionths , most ol them liad had no injections foi seveial weeks and thus 
did not liaie an acute lesion A detailed desciiption of the pi eduction of 
the le^^ion toa:otl ei with the inacioscopic and micioscopic appeaiance of 



Fig 27 — E'lbbit 70 Section sliows quite cellulai endociidiuni mth mod 
eiately cellulii undeilMiig nijociidiuni !JLignifieation 185 diameteis 


the kicliieis will be touncl in aiiotliei papei The animals weie given 100 
CO of a 3 pel cent sodium chloiid solution bi stomach-tube daily foi a 
peiiocl of fiom ioui to six da)s and then killed Tim t’s -fit e animals w^eie 
thus heated and at antopsi nine showed edema of vailing clegiees 

The animals used toi expeiimentahon had lesions pioduced as follows 


Uiamum Xitiate 0 002 gm eveiy thud daj 
Uiamum Nitiite 0 005 gra c\en thiee weeks 
Potissmra Biclnomite 0 0125 gm eceiv tliice week, 
Fow lei’s solution 8 10 m e\eiA thiee week. 
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T]]e lime sljowiiig edema weie tims dxstubuted 

Uianium Nitiate 0 002 gm eveiy thud day 
Uiaiuum Nitiate 0 003 gin eveiy tluee weeks 
Potassium Bichioinate 0 0125 gm eveiy thiee weeks 


Histologicalh'’ the kidneys ot the animals shmung edema 3veie not 
difteient fioni those of the same gioiip in which no edema developed 
The lesions weie ot the same ehaiaetei and of no gieatei oi no less degiee 



Fig 30 — Rabbit 260 Section shows a small bit of the niyocaidiuni vith a 
veiy much thickened, somewhat cellulai endocaiduim Magnification 185 diaiiie 
ters 


It seems then that the cause of the edema must be sought elscuheie tlian 
m histological vaiiations fiom the noimal 

The animals weie weighed at the beginning of the expeiinient and 
each day aftei that before the salt solution was gnen Of those uot 
showing edema at autopsy, twentj-six in numbei, theie was a gam m 
weiglit in twelve, a loss of weight in nine, no change of u eight in ti\ e 
In those showing edema at autopsy, nine in all, tlieie vas a gam in 
weight m foul, a loss of weight in toui, no change of i\ eight m one 
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Theieloie, a eight chait is no indication of the appeaiance of edema 
in labbits expeiimented on m tins wa} 

In tlie fiist animals used the daiJ} amount of mine excieted Mas 
measiiied, but no constant oi maiked vaiiation m the output could be 
found and the pioceduie urns theiefoie given up as being of no value in 
this connection 

These same animals ueie also subjected to the functional test Avith 
phenolsulphonephthalein Though this mattei is lepoited m anothei 
papei the lesults aie inteiesting fiom this diffeient point of Aieiv Of 
the eight animals hamng nianium 0 002 gm eveiy thud dav, and shoving 



Fig 31 — Babbit 2GC Section shows a poition of nijocaidium ven Jaigeh 
leplaced by celiulai connective tissue Tins connective tissue was continuous 
wutli the eonneetive tissue of the cndocaidiuni 


edema, five Aveie tested ivith phenolsulphonephthalein, and foui showed 
delayed excietion Of the animals haA'ing luanium nitiate 0 005 gm 
eA'^eiv thiee weeks and showing edema, two in numbei the te't was rued 
m one and the excietion was noimal The test was not tiied in the labhir 


having edema Avith a bichiomate lesion This would peihap-' mdii.ire 
afunctional injun to the Icidnei cells which would not allow the noimal 
excietion ot eitliei watei oi some othei substance Ibe lehitue weight 


of heait and kidncA to the bod} -weight is also intei citing m thi- (ohijk 


Till] l/^c7//l /;»s' OF iM'j'JiiN LL mudicim: 


o()() 

tion OL the hi'-t iiianmm gioiip ol auuiials =:bo^\nig edema siv in 
innnbei, tiio liad small kidnejs, foiii luid enlaiged heaits 

In tlie second luaniuin giouj), two in numbei the heait and kidney 
weiiilits i\eie noiinal The one aniinal Aviih edema in the biclii ornate 
senes had an enlaiged heait The nuinbei oi annuals heie is too small 
loi am delinite contlnsions, but it is siiggestne that of the nine animals 
ha\ 1112 edema, fixe had caidiac hvpeitiophx and onlx txxo, small kiiidey^ 
These tacts aie collected in Table 7 







Fig 33 — Rabbit 200 Livei sliows distinct dilatation of the simisouls, jni 
ticiilaih' those ladiating out fioin the eential vein in the centei of the pictuie 
vith atioiiln of the hepatic ceiK Magnification 125 diaincleis 



ot 


34 — Kibbit 282 Lnei 'how^ fiirli inuKid diliinaai 
the '.inu^oid'5 M (ijruilK ition 12‘> dunKtii- 


iiu! * * i-‘ ‘ 




508 


THE ARCHIVES OF i:sTERXAfj MEDlOiyE 


2 Ihe oceiuience of edema does not aiJpeai to beai any diiect lelat'ou 
to the seventy oi ehaiactei oi the lesion ot the kidne} as shown by histo- 
logical study 

3 The weight of the animals dniing expeiimentation does not seive 
as a lehable guide foi the appearance oi non-appeaiance of edema 

•i The amount of mine excieted gives no aid in the study of edema 
foimation 

0 Functional tests in animals shou ing edema would suggest the 
possibility of some damage to excietoiy function of cells 

This mattei leqniies fnitliei study 
222 Mai Iboi oiigh Stieet 



Fig 35 — Rabbit 268 Livei shows very slight change and may be taken as 
a fairly normal livei Magnification 125 diameteis 


STUDY mil A UEYAL FVfKGT102>r TEST (PIIDlfOLSULPHONEPHTHALEIN) 
lY AYIMALS WITH EXPERIMEYTAL GHROXIG YEPHRITIS 
B W SStlTlI, M D , BOSTON 

Theie have been many tests devised to investigate the excietoiy luue- 
tion of the kidnej Tlie basis of most of them is the time reqmied to 


'*lliiSi 'iioik ^^as done undei a giant fiom the Pioetoi Fund foi the Studi ot 


Chronic Diseases 

’'Reported at the Annual :\reet'ng 
Maj 3-5, 1910 Wasliington, D C 


of the Association of Anieiican Physicians, 
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exeiete a ceitam poition oi all of a measuied amount of a given diug 
The most lecentty tiled ding is plienolsnlplioneplitlialein It has been 
used by Eowntiee and Geiaghty® to test the exeietoiy powei of kidne}s 
in human beings They say in favoi of this ding that it is all eveieted 
by the kidnej, that the diug imdeigoes no chemical change in the bod}, 
and that it is excieted qnickl} It is stated that dO to 60 pei cent of 
the amount giien is excieted in noimal individuals within one hoiii 
afiei it hist appeals m the mine 

Expeimients wcie tiled luth tins diug in animals having cliionic 
kidney lesions pioduced by injection of iiiamum nitiate, potassium 



Fig 36— Rabbit 79 Livei s]iows niegtilai aieas of ilinost complete dis 
appeaiaiice of hvei cells and then place taken b\ %eM laige dilated sinusoids oi 
lakes of blood ^Magnification 125 diameteis 


bichiomate and aiseiiic Tlie details of the pioduclion of tiie lesion ]ia\e 
been clesciibed fulh in anothei papei The tunctional te=ts neie (aiiiod 
on in the folloving mannei 

One milhgiain ol plienolsnlplioneplitlialein in naten solution na- 
injected mbcutaneoush Male labbits weie used at hist .-o that cafhetei- 
wation nas easi Thee ueie catheteii/cd ininiediateh following the uija- 

l) Rowntiee uid Gei igliti Join Pliiini 
1, 579 


Old Fvpei Jilt) 1 1' 


I'M)') l')l<> 



AitciinBS OB l^‘TDItyuJ 2inDwiyjj 

tioji, aud the uiine was aljow^ed to flow mto a bottle wdiich contained a lew' 
diops or strong sodinin h^diate solution As soon as any of the ding 
appealed in the mine it could bo detected bi tlie jnnk coloi wdiich it is 
well known alkaline solutions ot iflienolsulphonephthalem assume The 
time was then lecoided and the cathotci withdrawn At the end ot one 
liour the catheter was again inserted and all the mine in the bladdei 
to] let ted The bladdei was then washed out once with water and the 
wash-watei added to the collected mine This was then made stiongly 
alkaline with sodium hidiate, and diluted to 50 c e wnth watei This 
ot coins,' a solution with a depth ot color dependent on the amount 



Fig 37— Rabbit 70 Livei sliows inegulii neas of almost complete disap 
peaiance of livei cells and then place taken by veij laige dilated sinusoids oi 
lakes of blood IMagnifieation 125 diaineteis 

ot phenolsulphonephthalein it contained T'o deteimine the amount of 
this a standaid solution of phenolsuljihonephtbalein w'as piepaied con- 
taining a nieasmed amount in 50 cc of fluid (w'atei and mine) Foi a 
poition of the diluent of the standaid solution mine was nsech otheiwose 
the colors were not exactly the same in the eontiol and tlie test as the 
solution to be tested contained the yellow coloiing-mattei found ni 
rabbit’s mine A portion of the standaid solution and of the mine con- 
taining the unknown amount of the chug weie placed in the two tiilies 



H I VHIUHTI iS—ll U ,VI//27/— / V II iLKnU 


oil 


oi a Biiboscq coloiinietei and the compaiison made Ha\in^ tJm? detei- 
mmed the amount ot phenolsnlphonephthalein excieted m one horn, the 
peieentage ot the amount given Mas easily calculated 

Fiom ohsenations on a good mam labbits it Mas found that the 
phenolsuljihonephthalein appealed in the nnne m about tuenti minutes 
fiom the time it M^as given subcutaneoush The time laiiatioiis fiom 
this in eithei diiection Meie small Since it Mas not possible to 
calheteiize the temale labbits the ding Mas gnen subcutaneoush, and the 
animal killed in one houi and tnenti minutes The iiiine in the bladdei 
Mas then collected and the estimation made as betoie This gave a faiily 
accuiate estimate ot the pei cent excieted 



Fig 38 — Eabbit 7U Livei shows iiiegiilai aicas of almost coinpJi-'te disip 
peaianee of luei cells and then place taken bv aen laige dilated 'jinn-oid-' oi 
lakes ol blood ilagnifacation 125 diimeteis 


In the gieat majoiit} of eases tested o\ei 40 pei cent oi the diug 
M^as e\cietecl in one hoiii, Mdiich cont'oims to the statement cpiotcd at the 
beginning ot the discussion In a teu noimai labhits rued the evcittmn 
MMS found to be about this pei cent Onh consideiabh k*"- than r!ii~ 
Mas consideied a delated e\cietion 

Xunibei of iinnials gnen tlie te-^t 11 
Delijed e\cietion l()=ol (i pei cent 
Yen niukcdh del i\<d escietion 4 
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The lesions in these animals were piodnced as shown in Table 8 


Table 8 — ^Pkoduction of Lesions 


Uranium nitiate 0 002 gm eveiy 3d day 
Uranium nitrate 0 005 gm eveiy 3 wks 
Potassium bichromate 0 0125 gm every 3 weeks 
Powler’s solution m 8-10 eveiy 3 weeks 


Test Delayed Markedly 
Tried Excretion Delayed 
Excretion 

7 5 2 

10 d 0 

9 4 1 

5 3 1 


Total 


31 16 4 


HerOj as in the othei experiments^ it was impossible to see any definite 
relation between the delayed excietion of the drug and the histological 
lesions in the kidney That is, the animals of the same groups as these 
showing delayed excretion, but in whom excretion was normal, had lesions 
as marked or even moie so than those in which it was delayed It is 
interestmg that some of the anipaals that had Towler’s solution showed 
delayed excietion with little visible change in kidpey 

It might be interesting again to compare from this new pomt of view 
the edema test and the organ weights in these animals 
Of the sixteen rabbits with delayed excretion 


1 Edema test tried on 16 

Edema present at autopsy 4 

2 Oigans weighed in 16 

Variation from noimal 7 

Small kidney, normal heart 3 

Small kidney, laige heart 1 

Noimal kidney, large heart 2 

Laige kidney, large heart 1 


Of the four with very markedly delayed excretion 

1 Edema test tried 

Edema present ^ 

2 Organs weighed in ^ 

Vaiiation fiom normal ” 

Small kidney, large heart | 

Normal kidney, large heart 1 

Large kidney, normal heait ^ 

The small number of animals experimented on makes dogmatic con- 
clusions impossible, but it is certain from the work thus far presented 
that the functional capacity of the kidney evidenced in secretion of water 
and ceitain drags cannot be estimated by histological examinations, that 
kidneys with the most marked histological lesions frequently have norma^ 
function, and others with apparently identical or even lesser esioua 

showed maiked disturbance. 

222 Marlborough Street 
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STUDY IS THE EFFECT OF SPARTEIN AND ADRENALIN (EPINEPHRIN) 
INJECTIONS ON THE KIDNEY OF THE RABBIT " '' 


B M SMITH, MD, BOSTON 

Walker and Christian hare descubed the production of cardiac lesions 
myocarditis, pericarditis, endocarditis — in labbits by the injection 
of spartem sulphate (0 01 to 0 04 gm.) and adrenalin (epinephrin) 
chlorid (0 1 to 0 3 c c of a 1-1,000 solution) . In some am-maV the 
spaitein was given subcutaneously and the adrenalin intravenously, but 
in most, both drugs were injected intravenously I have examined the 
kidneys from twenty-nine of these animals 

Macroscopically the kidneys did not show any departure from the 
normal except in occasional instances when they appeared injected This 
injection did not bear any apparent relation to the caidiac condition, but 
was evidently independent of it Microscopically no lesions were found 
which in any way could be associated with the injection of the drugs A 
few of the animals showed some spontaneous lesions as I have mentioned 
in connection with studies on the kidneys of rabbits which received 
uranium nitiate and other kidney irritants These spontaneous lesions 
occurred in rabbits autopsied from one hour to two or three days after 
the injection of spaitem — much too soon for any causal relation to exist 
between the drug and the histological finding in the kidney The chronic 
lesions consisted of a slight connective tissue increase — in one or two 
instances with some dilatation of the lenal tubules 

hTearly all the sections showed a marked injection of the vessels, 
especially those of the glomeruli and medulla Sometimes onlj the vessels 
going in fiom the cortex were markedly congested In some of the kidney 
this condition was extreme, making the whole section appear very red 
under the microscope In no case, however, was it possible to find any 
evidence of the breaking through of the blood into the spaces without 
the vessels Apparently simply an unusual amount of blood was present 
in the vessels at the time of death An attempt was made to match up 
the moie bloody sections with the more severe cardiac conditions, but no 
constant relationship was found In some instances, however, the kidney 
sections of animals dying in convulsions were greatly injected, but even 
this was not an unfailing condition 

Ho tests of kidney functions were made with these animals 
So fax as this study goes it supports the statement made by Fleisher 
and Loeb’^ that injections of spartem and adrenalin cause no lesions in 
the kidney 

222 Marlborough Street 


*Thi 3 work was done under a grant from the Proctor Fund for the Study of 

Chronic Diseases , ^ , -ai. 

‘Reported at the Annual Meeting of the Association of American Physicians, 

Mav 3 5, 1910, Washington, DC , , -,r i i. . 

7 Fleisher and Loeb Further Investigations m Experimental Myocarditis, 

The Abcbives Int ;Med , 1910, vi, 427 



H A CHRISTIAN— B M 8MITH~I C WALKER 


515 


STUDY X EXPEEIMENTAL MYOCAEDITIS PEODUCED BY SPAETEIX SULPHATE 

AND ADEENALIN OHLOEID 


I CHANDLEE WALKEE, II D , BOSTON 

Many observers have piodnced lesions of the myocardium m various 
wayS;, by the intravenous infections of cultures of Staphylococcus 
pyogenes auieus (Eibbert®), diphtheria bacilli (Babes®), diphtheria 
toxm (Charnn/® Welch and Flexner/^ Mollard and Eegaud/^ and Blex- 
nei^®)j cultures of streptococci (Tallquist®^), by ligation of coronary 
vessels (Baumgarten^®), by exposing animals to high temperature (Zwasch- 
kewitsch,^® Litten,’-'' Naunyn/® Nasaroff/® Weihovsky,^® Welch®^), by 
infections of adrenalin chlorid (K Ziegler,®® Pearce,®® Grober,®^ Mieso- 
wicz®®), and by infections of spaitem and adrenalin (Pleisher and 
Loeb®®) The more acute lesions of the myocardium have been the ones 
chiefly studied by these experimenters For the production of chronic 
lesions the method used by Meisher and Loeb seems to be the most satis- 
factory, and has been used in the experiments here reported, which were 
carried on in the laboratory of the Theory and Practice of Physic m the 
Medical School of Harvard University at the suggestion and under the 
supervision of Dr H A Chiistian 

Eabbits were the only animals used in these experiments, and for 
convenience they may be grouped into five senes in which the spartein 


*Thi3 work waa done undei a grant from the Proctor Fund for the Study of 
Chronic Diseases 

’^Eeported at the Annual Meeting of the Association of American Physicians, 
May 3 5, 1910, Washington, D C 

8 Kibbert Fortsch d Med , 1886, iv, 1 ‘ 

9 Bahes Virchows Arch t path Anat , 1896, c\ix, 460 

10 Charrin Semaine Med , 1890, x, 285 

11 Welch and Flexner Bull Johns Hopkins Hosp , 1891, ii, 107, Bull Johns 
Hopkins Hosp , 1892, iii, 17 

12 Mollard and Eegaud Ann de I’lnst Past , 1897, xi, 97 

13 Flevnei Johns Hopkins Hosp Rep , 1897, vi, 259 

14 Tallquist Beitr z path Anat u z allg Path (Ziegler’s), 1899, xxv, 159, 

15 Baumgarten Am Jour Physiol , 1899, ii, 243 

16 Zwaschkewitseh Dissertation, St Petersburg, 1870 

17 Litten Virchows Arch f path Anat, 1887, Ixx, 10 

18 Naunyn Arch f exper Path , 1884, xviii, 49 

19 Hasaroff Virchows Arch f path Anat, 1882, xc, 482 ^ 

20 Werhovsky Beitr z path Anat u z allg Path (Zieglers), o. 


xviii, 72 

21 Welch Med News, London, 1888, lii, 365 

22 K Ziegler Beitr z path Anat u z allg Path 
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(Ziegler’s), 1905, xxxviu. 


23 Pearce Jour Exper Med , 1906, viii, 400 

24 Grober Deutsch med Wchnschr, 1907, xxxiii,^744 

25 Miesomcz Wien klin Wchnschr , 1909, xxn, 79 

26 Fleisher and Loeb The Aechives Int Med , 1909, m, 
Assn, 1909, lui, 1561, The Akcuives Int Med, 1910, m, 4-/ 
Fleisher Jour Pharm and Exper Therap , 1910, ii, 5o 
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sulphate and adrenalin ehloiid were used by different methods in older 
to deteimine the most satisfactory procedure for producing experimental 
myocarditis 

In the first senes, four labbits were injected intiavenousl} with 
maximum doses of spaitein sulphate,-^ and these injections weie not 
followed by injections of adrenalin chloiid The animals were injected 
from once to thirty times at three-day intervals 

In the second senes twenty-foui young labbits were injected subcu- 
taneously with spaitein sulphate 0 026 gm , followed subcutaneously m 
thiee to five mmutes by adrenalin chlond-® 0 2 c c of a 1 to 1,000 solu- 
tion These injections weie lepeated every three days, and a pair of 
rabbits of approximately the same weight were killed at successive thiee- 
day intervals In addition in this senes two other rabbits leceived 
injections in the same way as the above every day for a period of six 
weeks, and then every other day foi six weeks 

In the third senes were eight labbits in which spaitein sulphate was 
injected subcutaneously m doses of 0 025 gm , followed intravenously m 
five to fifteen mmutes by adrenalin chiond 0 2 c e of a 1 to 1,000 solution 
In the fouith senes six rabbits were injected with spartein sulphate 
and adrenalin chiond, both intravenously, in small doses, repeated at 
three-day mtervals, and extendmg over a long period, one to three months 
The fifth series comprised eleven rabbits mjected intravenously with 
maximum doses of spartein sulphate followed intravenously in five to 
fifteen minutes by adrenalin chiond 0 2 c c of 1 to 1,000 solution 

The rabbits m all senes either died oi were killed at varying time 
intervals after the first injection, and so received a varying number of 
mjections of varying size given in varying combmations 

Ho animals died fiom the effect of spaitein sulphate when injected 
subcutaneously, but there were several deaths due to the drug when given 
intravenously The animals died with either respiratory paralysis, gasp- 
ing for breath, or with convulsions, or with both Death may be avoided 
by slowly injecting the drug with frequent pauses, thereby allowing a 
mixture of the drug with the blood in the ciiculation and much greater 
doses may be safely used in this way Some rabbits seem to be more 
susceptible to spartein than others, smce several rabbits of the same 
weight and age may survive the same injection, while one or two others 
will not Only two deaths out of about thirty rabbits used could be 
considered due to adrenalin chiond used intravenously, and these had 
received spartein just previously The deaths were convulsive with respi- 
ratory paralysis The best lesions were produced by maximum doses of 
spartem given intravenously (making the animal as weak and stupid as 

27 Merck’s preparation of spartein sulphate was used throughout 

28 Parke, Davis & Co ’s preparation of adrenalin chiond was used through- 
out 
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possible and still snivive) followed intraYenonsly in a few minutes by 
adrenalin Adienalin given subcutaneously had no effect 

All animals injected intiavenously with one or two large doses of 
sjpartem followed intiavenously by adrenalin at autopsy showed much 
blood-stained fluid in the pericardial, thoiacic and abdominal cavities 
A smaller amount of less bloody fluid was found in these cavities when 
the spaitein was used subcutaneously followed by adrenalin intravenously 
After two injections the fluid seemed to be absorbed and no further exuda- 
tion appeared to take place, as none was present in rabbits dying after 
three or more injections 

The methods used in this experimental work having been briefly 
desciibed, the various series will now be taken up and the lesions 
described 


Series 1 — Four labbits injected with spartein sulphate 0 025 gm intraven- 
ously without adrenalin One labbit was killed a few minutes after injection, 
and showed slight congestion Another was killed four hours after injection and 
showed maiked congestion, and a distinct focus of deeper congestion on suiface of 
left ventricle A third labbit was injected every three days for twenty-five injec- 
tions and another rabbit foi thirty injections Both of these showed simply a con- 
gestion of the myocaidium In these two rabbits the spartein was giadually 
increased until they i eceived 0 05 gm several times Thus it is seen that spartein 
alone, given in twice the amount which with adrenalin will cause a lesion, produces 
no lesions 


Series 2 — Twenty-four rabbits weie selected, weighing between 1100 and 
1400 gm , paiied according to weights and were injected subcutaneously at three- 
day inteivals with spartein sulphate 0 025 gm , followed subcutaneously in three 
to five minutes with adrenalin chlond 0 2 c c of a 1 to 1,000 solution Two 
rabbits weie killed three days following the first injection, two more three days 
after a second injection, and this was repeated until the last two rabbits of this 
series were killed Of these twenty-four rabbits, two were discarded after three 
injections because one of the rabbits contracted an infection No macroscopic 
lesions could be observed in any of the rabbits of this series 

Micioscopically in three labhits (No 167, eight injections, No 169, nine injec- 
tions, No 171, ten injections) theie was moderate capillary congestion distinctly 
in excess of that shown by other animals of the series In four lahhits (No 152, 
one injection, No 156, three injections, No 165 and No 166, seven injections), 
theie was an inci eased interstitial cellularity These cells were of the connective 
tissue type, not uniformly scattered thiougli the myocardium, but occurring in 
foci Tina change was moie extensive in the animals receiving the larger nuin- 
bei of injections, being very slight in Eahbifc 152 A somewhat similar picture 
(Fig 3) was piesented by an animal (Rabbit 79) of a different senes fiym le 
ones desciibed in this papei In two rabbits (No 159, four injections, Ao , 
SIX injections) there weie small foci of young connective tissue Rabbit loJ 
showed more of this than Rabbit 163 In none of these rabbits was the legion 
extensive, and even where most marked it constituted onlj a s ig i epar 


from the normal ,, ,n 

Two moie rabbits were injected subcutaneously with the same J’ -ix 

the preceding senes eveiy day for six weeks and then everj o ler av o 
additional weeks One showed no lesion The other had a 
fibrous tissue practically replacing the muscle, with on ^ A „ 
left These muscle fibeis were devoid of nuclei and o en ^ 
deeply, the cioss striations being lost This fibrous tissue s 
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septum afc the base of the left ventiicle, and it is a question whethei it was due 
to the drugs or whether it was a spontaneous lesion In its distribution and 
character it did not resemble a spartein and adrenalin lesion These protocols 


will not be given 


It was noted that injecting both spaitein and adrenalin at the same site on 
he same day caused a necrosis and sloughing of the tissues, whereas separated 
injections on the same day produced no necrosis 


Seeies 3 — Eight rabbits were injected subcutaneously with spartein sulphate 
0 026 gm followed in about ten minutes intravenously by adienalin chlond 0 2 
c c , 1-1000 solution Only four protocols will be given, the others bein<y dupli- 
cates ° 

Rabbit 274 was injected subcutaneously with spartein 0 025 gm followed 
intravenously in ten minutes by adienalin solution^ 0 2 ec This animal died 
twenty minutes later with respiratory paialysis and convulsions Microscopically 
only congestion was present Rabbit 268, similarly injected at three day inter- 
vals, shoned a capillary congestion (Fig 7) as in Rabbit No 274 

Rabbit 279, weight 1450 gm , was injected subcutaneously with spartein 0 025 
gm, followed intravenously in ten minutes by adrenalin solution 0 2 cc Five 
days later the same was repeated and the rabbit died about ten minutes follow 
mg this injection At autopsy there was an increased amount of a straw colored 
fluid in all body cavities Microscopically there was a patchy cellular infiltiation 
throughout the myocardium In some of these foci many lymphoid cells were 
present This was particularly the case in the subpericardial layers There was 
also an increased amount of connective tissue about the blood-vessels Where 
the lound cells showed only a slight increase, the muscle fibers weie hypertrophied, 
showed very marked branching, and an increased number of nuclei, as many as 
five or si\ in a line Where there was considerably increased cellularity (rig 4), 
the muscle was much degenerated, with loss of striations, and in places where the 
young cells appeared as stellate figures with beginning fibrils, the muscle was 
atrophied and replaced by new tissue 

Rabbit 277, weight 1480 gm , was injected subcutaneously with spartein 0 025 
gm followed intravenously m ten minutes by adrenalin solution 0 2 c e , this 
being lepeated every three days for a peiiod of twelve days, thus four injections 
were given The rabbit died a few minutes after the last injection At autopsy 
considerable free bloody fluid was present in all the cavities, and in addition 
considerable fibrin in the pericardial cavity, with a slight roughening of the sur- 
face of the left ventiicle The heait was large Microscopically the same 
general picture was seen as in Rabbit 279, but the process was somewhat more 
advanced and more extensive The connective tissue was older, with more 
fibrils and less cells present, the aiterial walls were more thickened, the muscle 


more extensively atrophied 

Rabbit 284, weight 2200 gm , was injected with spartein sulphate 0 025 gm 
followed mtravenously in ten minutes by adrenalin solution 0 2 c c at foui day 
inteivals over a period of two months, sixteen injections in all At autopsy 
no fluid was present, the heart was large and film Microscopically a slight 
increased cellularity diffusely situated was seen, the arterial walls were thickened, 
and the muscle was hypertrophied 


Seeies 4 — ^Here six rabbits were used, but as they all showed a similar con- 
dition only one protocol will be given These animals were injected intravenously 

with small doses of spartein and adrenalin 

Rabbit 282, weight 1920 gm , was injected with spartein sulphate 0 007 gm 
followed in about ten minutes by adrenalin solution 0 1 c c , both intravenous y 
This was repeated at three-day intervals for seven times, then the spartein was 
inci eased to 0 008 gm and the injections repeated at three day intervals for seven 
more times, in all fourteen injections extending over two months time m-v 


29 Adrenalin solution whenever used means a 1 to 1,000 solution of adrenalin 
eWorld 
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bloody fluid fllled the pericardial cavity The heart was very large, and left 
autopsy there was fluid in the abdominal and thoracic cavities, and a muddy 
auricle and ventricle veiy firm and thickened, with a white fibrous patch at the 
base of the left ventiicle Micioscopically there was a diffuse inci eased cellu- 
larity of the myocardium with an hypertrophy of muscle fibers, with increased 
numbers of nuclei, nuclei swollen and nucleoli piominent The connective tissue 
about the blood-vessels was thickened In addition theie was a large fibious 
patch at the base of the left ventricle entirely leplacing the muscle The other 
five animals did not show such a fibrous aiea as desciibed in Eabbit 282, but 
were duplicates in eveiy othei way The striking change in this series was 
slight diffuse increased interstitial cellularity, interstitial edema, and moderate 
connective tissue increase and hypei trophy of muscle (Fig 2) 

Series 5 — ^In this series eleven labbits weie injected intravenously with 
spartein sulphate and adrenalin chlorid in the following way Spartein sulphate 
was injected intravenously in maximum doses, that is as large a dose as the 
labbit appealed able to stand Shoitly after such a dose the rabbit would seem 
very tired with rapid respnation and a rapid, unsteady heart After an interval 
of ten to twenty minutes adrenalin solution was injected intravenously with a 
dose of 0 2 cc The adrenalin appealed to produce no maiked effect except 
possibly to accentuate somewhat the already existing symptoms 

One of these labhits was killed three minutes after the adienalin chlorid 
injection, and nothing abnormal was seen 
^ Another (Eabbit 290) was killed four hours after injection, and at autopsy 
an aiea of marked congestion about half a centimeter in diametei, of a bloody 
red color was situated in the centei of the wall of the left ventricle Micro- 
scopically in the animal there was congestion of the subpericardial myocardium 
as follows Eabbit 290, weight 1480 gm , injected intravenously with spartein 
sulphate 0 04 gm , followed in ten minutes intravenously by adienalin solution 
0 2 c e The rabbit became very tired and listless, respii atiou rapid, heart rapid 
and fluttering, three hours later heart seemed steadier, but animal was very 
stupid Four houis after injection the rabbit was killed Macroscopically there 


was a bloody red area of congestion on the wall of the left ventricle near the 
centei about 0 5 cm in diameter Microscopically there was congestion and 
edema of the subpeiicardial myocardium of the left ventricle 

The third rabbit. No 296, weight 1750 gm , was injected intravenously with 


spartein sulphate 0 035 gm followed in ten minutes by adrenalin solution 0 2 c c 
The labbit seemed very tired after this It was killed twenty -four hours after 
injection At autopsy the thoracic cavity contained much very bloody fluid and 
the pericardial cavity was filled with bloody fluid The heart showed areas of 
congestion of a blight red color on the surface of the right auricle, to a slight 
extent on the left auricle, and on the surface of the left ventricle an area of 
dark brownish-red color with slight peripheral congestion Microscopically in 
the myocaidium of the right and left ventiicles there was a very general indis- 
tinctness of muscle striations, a diffuse increased interstitial cellularity, and 
quite a general capillary congestion In places muscle fibeis were markedly 
degeneiated, appearing as deeply staining fibers with very indistinct striation 
Some muscle fibers had lost practically all striation Besides the diffuse “ 
larity there were very cellular foci in association with markedly egeneia e 
muscle fibers In places cells have invaded muscle fibers, and hyaline fragments 
of muscle fibers may be seen scattered among these cells The ce a 
were not definitely phagocytic, however, foi muscle fragments 
of the young connective tissue and endothelial types Their nuc ei we ^ , 

with fairly fine chiomatin granules, and one to three coarser 
In some there was a round reddish staining nucleolar mas , , ‘ g-jigre 

these cells was very finely granular and usually f f p/^fin 
was no evident cell membrane Polynuclear leu'ocy e P ^ more numerous 

the process, a few were found scattered between the muscle fibera, more num 

about the cell foci described abo\e 
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A fourth rabbit, No 293, received intravenously 0 04 sm spartem sulnha+P 
and ten minutes later intravenously 0 2 cc adrenalin solution Ss ani^S 
seemed very tired and quiet after the injection similarly to No 296 and was 
killed at the end of thiity-two hours At autopsy there was a shght ameiJ S 

abdominal cavity, very much and rather bloody fluid 
in the thorax, while the pericardial cavity was filled with a very blood/ fiuid 
and the pericardial sac seemed to be slightly glued in places to the left ventricle’ 
Areas of fresh hemorrhage were present on the right auricle, much more marked 
and wide pread on the left ventricle Microscopically a very similar picture was 
seen to that in Eabbit 290 There was evidence of a diffuse degeneration of 
muscle fibers as in the former The interstitial cells weie more definitely of the 
connective tissue type with processes and more connective tissue fibrils have been 
formed Near the apex of the left ventricle there was a cellular focus of con 
sideiable size about much degenerated muscle fibers Mitotic figures were fre 
quent in this area In the right ventiicle near the auiiculoventricular groove 
theie was another focus of cells of young connective tissue type with many 
polynuclear leukocytes and few plasma cells 

ihe fifth rabbit. No 280, weight 1580 gm , was injected with spartem sul- 
phate 0 03 gm , followed in about five minutes by adrenalin solution 0 2 c e , both 
drugs given intravenously' After five days the rabbit was killed At autopsy 
much free blood stained fluid was found in the abdominal cavity, with little 
flakes of flbiin floating on the intestines, still moie bloidy fluid in the thoracic 
cavity, and the pericaidial cavity was filled with very bloody fluid A small 
roughened area was present on the surface of the left ventricle Microscopically 
the subperieaidial myocardium was very extensively infiltrated with connective 
tissue, which was moderately cellular Where there was a laiger amount of 
connective tissue the muscle fibers were much a rophied and evidently numeious 
fibeis had entirely disappeared From this point the young connective tissue 
extended deeper into the myocardium interlacing with the muscle bundles The 
muscle fibers frequently showed a laige perinuclear nonstiiated aiea and two 
01 thiee nuclei were often seen in a fibei An aiea of practically normal muscle 
was present in the center of the wall of the left ventricle, although there was an 
increased interstitial cellularity As the endocardium was approached, the con- 
nective tissue inci eased in certain foci and degeneration of the muscle was more 
extensive 

The sixth rabbit of this series. No 270, weight 2370 gm , was injected intra- 
venously with spartem sulphate 0 025 gm , followed in fifteen minutes mtiaven- 
ously with adienalin solution 0 2 cc This was repeated three days later and the 
animal died four days after the second injection, that is seven days after the 
first injection At autopsy the abdominal cavity contained 60 c e of free blood- 
stained fluid, the thoiacic cavity 18 cc and the peiicaidial cavity was filled 
with very bloody fluid The heait muscle was pale Microscopically theie was 
an increased inteistitial cellulaiity ivith moderate connective tissue increase 

The seventh rabbit. No 292, weight 1750 gm , was injected intravenously with 
0 03 gm spartem followed intravenously in fifteen minutes by adienalin solu- 
tion 0 2 c c , this was repeated two days later and the animal was killed twenty- 
four hours after the second injection, that is, three days after the first injection 
Here larger doses of spartem were given with a shorter interval between Macro- 
scopically there was an area near the apex on the left ventricle of a brownish eo or, 
where the muscle was soft, pale and flabby Microscopically there was a very 
o^reat increase of young cellulai connective tissue in many places very large y 
Replacing muscle fibers In other places atrophied and degenerated fibeis were 
scattered m the young connective tissue Mitoses of connective tissue cells were 
numerous This increased cellulapty was situated in both walls of the lett 
ventricle throughout the central poition, the base and the apex of the heart 
bem- entirely free from pathological change The whole muscle in the degener- 
ated°area was riddled with young connective tissue Slight congestion was al o 

present 
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The remaining rabbits of this series were duplicates of the above;, 
and Avill not be described Eabbits receiving such large amounts of 
spaitem would not survive a third injection 


Summaiy 


A total of fifty-seven rabbits were used in these expeiiments with the 
following results A senes of four rabbits received intravenously spartein 
sulphate alone in large doses and showed only congestion of the myocai- 
dium In the second series of twenty-four rabbits receiving spartein 
sulphate followed by adrenalin chlorid, both subcutaneously, thiee rabbits 
showed capillary congestion of the myocardium (Eig 1) and six showed 
veiy slight increased cellularity of the young connective tissue type 
Where the change was most marked in this series it constituted only a 
slight departure from the normal In addition two other i abb its of this 
series were injected with the same dosage and in the same manner only 
daily foi SIX weeks and thereaftei every second day for six weeks more, 
one was negative, and the other had an extensive fibious area in the 
myocardium at the base of the left ventiicle neai the septum It is 
uncertain whether the latter lesion was due to the drugs or whether spon- 
taneous , however, it seems more likely to have been spontaneous 

The eight labbits of the third series weie injected subeutaneouslv with 
spartein sulphate, 0 025 gm , followed intravenously in about ten minutes 
by adienalin solution, 0 2 c c At a twenty-five minute interval aftei 
injection, congestion of the myocardium was noted, at a five-day interval 
fiuid was found in all the body cavities and microscopically a patchy 
cellular infiltration of the myocardium as follows in the subpericardial 
myocardium were small foci of lyunphoid and young connective tissue 
cells, there was an increased amount of connective tissue about the blood- 
vessels, and m the myocardium, where there was only slight cellulai 
increase, the muscle shoived evidences of hypertrophy, where there was 
considerable cellular increase, the muscle showed evidences of degenoia- 


tion In anothei rabbit, which received in the same manner four injec- 
tions extending over a period of twelve days, autopsy showed bloody fluid 
in all the body cavities, a roughening of the left ventiicle and a large 
heart Microscopically was noted a similar picture to that seen m the 
previous labbit, only'^ more extensive and moie advanced The last labbit 
of this series was injected like the above rabbits foi sixteen times, extend 
mg over a peiiod of two months, and this rabbit shmied a diftuse 
incieased cellulaiity, thickened arteiial walls and muscle Inpertiophy 
In the fouith series of six rabbits injected with spartein sulphate 
doses followed m ten to twenty minutes by adrenalm solution, ^ c c 
both drugs given inti avenously, all showed a siinilai lesion . 
there was fluid m all body cavities and blood f ‘""y 

several showed also macroscopically a lesion of the le t i 
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scopically there was a diffuse ineieased eellularity of the myocaidium 
with an hypertrophy of the muscle and thickened walls of the blood- 
vessels In addition one rabbit showed a large fibrous patch at the base 
of the left ventricle entirely replacing the muscle In the last series 
eleven rabbits weie injected intravenously with maximum doses of spar- 
tein sulphate followed intiavenously in ten to twenty minutes by 
adieualin solution, 0 2 cc., and the rabbits were killed at vaiymg inter- 
vals At a four-hour interval there was both macroscopic and microscopic 
congestion of the left ventricle, at twenty-four and thiity-two-hour 
intervals there was bloody fluid in the body cavities, areas of congestion 
over the surfaces of the heart and microscopically a diffuse increased cel- 
lularity with capillary congestion and muscle degeneration At five-day 
inteivals the same pictuie was seen only more advanced and more exten- 
sive with gi eater muscle degeneration Grossly there was a roughened 
area on the surface of the left ventricle Those rabbits surviving two 
injections showed vei}'’ great increased eellularity and maiked muscle 
degeneration 

d'he histology of the myocardial lesions so produced can be described 
somewhat more consecutively as follows Very shortly after a dose of 
spartein sulphate is given, especially when this is followed by an mtra- 
venous injection of adrenalin ehlond, a capillary congestion appears 
(ffig 1), whether the drugs have been given several times previously or 
nor The congestion is probably transitory, for a later stage is repre- 
sented by interstitial edema (Fig 2), with which may be associated some 
connective tissue proliferation (Figs 2 and 3) Another effect of these 
drugs is the pioduetion of cellular foci made up of lymphoid, plasma and 
young connective tissue cells (Fig 4), usually about necrosed or severely 
injured muscle cells (Fig 4) At other times the connective tissue pro- 
liferation is rathei more diffuse, replacing muscle cells and extending 
among and separating degenerated muscle cells (Figs 5 and 6) The 
exact histological picture vanes with the age of the lesion In some 
hearts a quite actively proliferating cellular stroma is seen (Figs 5 and 
6), in others there is adult connective tissue but slightly infiltrated with 

cells (Fig 7) 

From these results it appears that subcutaneous doses of spartein, 
followed intravenously by adrenalin, as well as small doses of spartein, 
followed by adrenalin, both mtravenously, produce a moderate ceUulaiity 
with slight muscle hypertrophy, while maximum doses of spaitein, fol- 
lowed by adrenalin, both given intravenously, produce very marked cell- 
ularity, which goes on to fibrous tissue formation associated with exten- 
sive degeneration of the muscle This latter method seems the most 
satisfactory procedure for producing chronic myocarditis By comparing 
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these lesions with the descriptions of hypertrophy found in the human 
heart as described by Albrecht/® KrehP^ and others/- there seems to be 
a striking familiarty 

Cainey Hospital 

STUDY Xr EXPEEIMEXTAL PERICAKDITIS PRODUCED BY SPARTEIN 
SULPHATE AND ADRENALIN OHLORID 

I CHANDLEB WALKEB, il D , AND HENRY A CHRISTIAN, M D , BOSTON 

This paper is a study of the pericardia of the hearts of rabbits used 
in the pi eduction of experimental myocarditis by the injection of spartem 
sulphate and adrenalin chlorid The woik was carried on in the laboratory 
of the Theory and Piactice of Physic in the Medical School of Harvard 
University 

There seems to have been very little previous work done on experi- 
mental pericarditis Pleisher and Loeb®® in their paper on Experimental 
Myocarditis mention an accompanying pericarditis, but they do not 
describe it In a second paper®^ they state that six rabbits in a senes of 
foity-two animals showed a pericarditis in five associated with pneumonia 
They state that ^ht appears improbable that the injection of 

spartem and adienalin produced the pericarditic lesion in the same direct 
way as it did the myocarditis” No other references to lesions of this 
type were found 

Eabbits were the only animals used in the experiments here described 
For convenience these animals are grouped into five series m which ihe 
spartem sulphate and adienalm chlorid were used by diffeient methods 
m order to determine the most satisfactoiy procedure for producing 
experimental cardiac lesions For a description of each series with details 
of methods used and results obtained, the reader is referred to the 
previous paper, ^‘Experimental Myocarditis Produced by Spartem Sul- 
phate and Adrenalin Chlorid ” In this place only the pericardial changes 
will be described 

-a 

*T1h3 work was done under a giant from the Proctor Fund for the Study of 
Chronic Diseases 

*Eeported at the Annual Meeting of the Association of American Physicians, 
May 3-5, 1910, Washington, D C 

30 Albrecht Der Herzmuskel, Berlin, 1903 

31 Kiehl Deutsch Arch f klm Med, 1890, xlvi, 454, 1891, xlviii, 414, 
Nothnagel’s Specielle Pathologie und Therapie, xv 

32 Stadler Deutsch Arch f klin Med , 1907, xci, 98 

33 Fleisher and Loeb Expeiimental Myocarditis, The Arch Int Med , 1909, 
111, 78 

34 Fleisher and Loeb Further Investigations in Experimental Mjocarditis, 
The Archxves Int Med, 1910, m, 427 
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microacopieally an occasional led blood-cell in the fibrous tissue of the ’peri- 

anotW , n injected every three days for twenty-five injections ^and 

another labbit for thirty injections Both of these showed in their pericardia 
few scattered red blood-cells and an occasional area where there were many 
ed cells In these two labbits the spartein was gradually increased until they 
received 0 05 gm several times ‘ 

2 — Twentj'-four rabbits were selected, weighing between 1100 and 
1400 gm , paired according to weights and were injected subcutaneously at three- 
day intervals with spartein sulphate 0 025 gm , followed subcutaneously in three 
to five minutes uitli adrenalin ehloiid 02 ec of a 1 to 1000 solution Two 
rabbits -svere killed three days following the first injection, two more three days 
following the second injection, and this was repeated until the last two rabbits 
of this senes were killed Of these twenty-four rabbits, two were discarded after 
three injections because one of the rabbits contracted an infection 2fo macro- 
scopic 01 microscopic lesions could be observed in the pericardium of any of the 
rabbits of this senes 

Iwo nioie rabbits were injected subcutaneously with the same dosage as in 
the preceding series every day for six weeks and then eveiy other day for six 
additional weeks These two rabbits showed no macroscopic oi microscopic 
lesions of the pericardium 

Scries 3 — Eight rabbits iveie injected subcutaneously with spartein sul- 
phate 0 025 gm , followed in about ten minutes intravenously by adrenalin chlorid 
0 2 cc, 1 to 1000 solution 

Rabbit 274 was injected subcutaneously with spartein sulphate 0 025 gm , 
followed intravenously in ten minutes by adrenalin chlorid 0 2 c c , 1 to 1000 
solution This animal died twenty minutes later with respiratory paralysis and 
convulsions Microscopically the pericardium was congested and edematous, 
led blood-cells were scattered throughout the fibrous tissue Rabbit 273 simi- 
larly injected, died the same day and showed a slight hemorrhagic exudation into 
the pericardium (Fig 19) 

Rabbit 279, weight 1450 gm , was injected subcutaneously with spartein sul- 
phate 0 025 gm, folbawed in ten minutes by adrenalin chlorid 02 cc, 1 to 1000 
solution Five days later the same was repeated and the rabbit died about ten 
minutes following this injection At autopsy there was an increased amount of 
a straw colored fluid m all the body cavities Microscopically theie was slight 
thickening of the pericaidium with increased cellular ity, and edema, especially 
of that part of the pericardium adjoining the myocardium (Fig 20) The cells 
present were of the young connective tissue and lymphoid types, with a rare 
polynucleai leukocyte The pericardium of the left ventricle was the seat of 
this lesion 

Rabbit 268, weight 1580 gm , was injected subcutaneously with spartein 
sulphate 0 025 gm , followed intiavenously in ten minutes by adrenalin chlorid 
0 2 cc, 1 to 1,000 solution Tliiee days latei the injection was repeated, an 
again in four days, when the rabbit died five minutes after the spartein injection 
Thus this animal survived two injections extending over a peiiod of seven days 
At autopsy theie was a small amount of cleai sti aw colored fluid in all the body 
cavities Microscopically there was slight thickening of 
slight edema and congestion, increased vascularity and cellulari y ( = “ ^ 

Rabbit 277 weight 1480 gm , was injected subcutaneously with spartein s 
phateO 025 gm followed mtAvenously in ten minutes by adrenalin chlorid 


throughout 
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02 cc, 1 to 1000 solution, this being repeated eveiy tliiee days foi a period of 
twelve days, thus foui injections weie given The labbit died a few minutes 
after the last injection, only suivivmg tliiee injections At autopsy considerable 
free bloody fluid was piesent in all the cavities and in addition considerable fibrin 
in the pericardial cavity, with slight roughening of the suiface of the left ventricle 
The heait was large Microscopically the same general pietuie was seen as in 
No 268, but the piocess was more extensive, the whole thickness of the peiicar- 
dium being involved, and the pericaidium was also moie cellulai 

Two other rabbits weie injected over a long peiiod of time Eabbit 278, 
weight 1480 gm , leceived thirteen injections at three day intervals, and No 285, 
weight 2200 gm , was given thirty injections during a period of three months, 
both of these labbits getting the same doses undei the same conditions as the 
previously desciibed animals Mici oscopically theie was a slight increased 
cellulai ity of the connective tissue type The cells appeared in foci scattered 
along the junctuie of the peiicardium and myocaidium 

Series 4 — Here six rabbits were used and weie injected intravenously with 
small doses of spartein and adienalin 

Rabbit 267, weight 1520 gm , was injected intravenously with spartein sul- 
phate 0 025 gm , followed intravenously in ten to twenty minutes by adi enalin 
chlorid 0 2 cc, 1 to 1000 solution This was lepeated seven times at three-day 
intervals for a peiiod of about a month, ivhen the labbit died immediately fol- 
lowing the ninth injection Microscopically in places in the peiicaidium of the 
left ventiicle there were foci of lymphoid cells and young connective tissue cells 
with congestion In othei places theie were chiefly young connective tissue cells, 
and in still other places only red blood-cells were noted 

Rabbit 272, weight 2750 gm , was injected inti avenously with vaiying doses 
of spartein sulphate fiom 0 025 gm to 0 05 gm , followed inti avenously in ten to 
twenty minutes by adienalin chloiid 02 cc, 1 to 1000 solution These injections 
extended over a period of three months at three day intervals, so that the rabbit 
received in all twenty-five injections At autopsy the heart was large, firm, with 
whitish areas of thickening on the wall of the left ventricle Microscopically 
a very similar picture to No 267 was seen 

Rabbit 275, weight 2450 gm , was injected in the same manner and the same 
number of times as No 267 At autopsy there was much fluid in the abdominal 
cavity Microscopically a similar picture to that in No 267 was seen with the 
exception that the right ventricle showed the lesion 

Rabbit 265, weight 1200 gm , was injected intravenously with spartein sul- 
phate in varying doses fiom 0 0125 gm to 0 025 gm , followed intravenously in 
ten to twenty minutes by adrenalin chlorid 0 2 cc, 1 to 1000 solution, in all 
eighteen injections during two months’ time at three day intervals Micro- 
scopically at the base of the left ventricle the denser pericardial layer was 
separated from the underlying muscle by a tissue of inci eased cellular ity, with 
young connective tissue cells, plasma cells and red blood-cells 

Rabbit 282, weight 1920 gm , was injected intravenously with spartein sul- 
phate 0 007 gm , followed intravenously in ten minutes by adrenalin chlorid 0 1 
cc, 1 to 1000 solution repeated at tin ee day intervals for seven times, then the 
spartein was increased to 0 008 gm and the injections repeated at three day 
intervals for seven more times, in all fourteen injections extending over two 
months’ time At autopsy there was fluid in the abdominal and thoracic cavities, 
and a muddy bloody fluid filled the pericardial cavity The heart was very 
large, the left auricle and ventricle were very firm and thickened, with a white 
fibrous patch at the base of the left ventricle Microscopically throughout the 
pericardium of both the left auricle and left ventricle there was considerable 
increased cellularity of the lymphocyte and young connective tissue types with 
edema and congestion This was most marked at the myocardial margin 

Series 5 — ^In this senes eleven rabbits were injected intravenously with spar- 
tein sulphate and adrenalin chlorid in the following way Spartein sulphate 
was injected intravenously in maximum doses, that is, as large a dose as the 



526 


THE ARGEIYES OP INTERNAL MEDICINE 


1 “ ‘o /rtf rjt^SotLtr ieTa 4 

injechrafan?nothmglbn^^^^ adrenalin 

n'ni 1480 gm, A%as injected intravenously with spartem sul- 

phato 0 04 gm followed intravenously in ten minutes by adrenalin chlorid 0 2 
c c of a 1 to 1000 solution This rabbit became very tired and listless, respiration 
lapid, heart rapid and flutteiing, three hours later the heart seemed steadier, but 
the animal was very stupid Poui hours after injection the rabbit was killed 
At autopsy the laige blood-vessels were tied and the heart and pericardium were 
removed tii toto without being opened in order to avoid hemorrhage within the 
pericardial cavity fiom trauma or mechanical causes, the heart and pericardium 
Avere hardened in toto Macroscopically there was a bloody red aiea of con- 
gestion on the wall of the left ventricle near the center about 0 5 cm in diameter 
Microscopically there ivere areas of hemorrhage and edema in the pericardium 
of the left ventricle, also the peiicardium was torn and raised away from the 
myocardium in numeious places where the congestion of the subpericardial myo- 
cardium was greatest 

The third rabbit, No 296, weight 1750 gm, was injected intravenously 
with spartem sulphate 0 035 gm , followed intravenously in ten minutes by 
adrenalin chloiid 02 cc of a 1-to 1000 solution The rabbit seemed very tired 
after this It was killed twenty-four hours after injection At autopsy the 
thoracic cavity contained much very bloody fluid and the peiicardial cavity was 
filled Avith bloody fluid The heart showed areas of congestion of a bright red 
color on the surface of the right auricle, to a slight extent on the left auricle, 
and on the suiface of the left ventricle an area of dark broivnish red color with 
slight peripheral congestion The heart and the pericardium ivere removed 
intact after the large blood-vessels were tied, and thus were hardened Micro- 
scopically the pericardium was somewhat thickened with slight increased cellu- 
larity, edema and congestion The types of cells were lymphoid cells, an occa- 
sional leukocyte, young connective tissue and endothelial cells having faintly 
staining, hazy and indistinct nuclei placed centrally in a scanty, faintly staining 
protoplasm The pericardium of both auricles and both ventricles was similarly 
affected, although more cellular in some areas than others The outer pericardium 
01 sac shOAved a similar picture 

A fourth rabbit. No 293, received intravenously 0 04 gm of spartem sul- 
phate and ten minutes later intravenously 0 2 cc adrenalin chloiid, 1 to 1000 
solution This animal seemed very tiied and quiet after the injection similarly 
to No 296, and Avas killed at the end of thirty-two hours At autopsy there 
was a slight amount of a straAV-coIored fluid in the abdominal cavity, very much 
and rather bloody fluid in the thoracic cavity, while the pericardial cavity was 
filled Avith a very bloody fluid, and the parietal pericarUium seemed to be glued 
in places to the left ventricle Areas of fresh hemorrhage were present on the 
right auiicle, much more marked and Avide spread on the left ventiicle The heart 
and pericardium were removed and hardened intact as previously Microscop 
ically a very similar picture was found to that seen in No 296, only slightly more 
advanced, more extensive and more cellular In addition there were many more 
leukocytes and much fibrin These sections were stained for bactena but none 
could be made out The pericardium of the left ventricle was most affected fine 

parietal pericardium showed a similai picture 

The fifth rabbit. No 280, weight 1580 gm, was injected with spartem sul- 
phate 0 03 gm , followed m about ten minutes by adrenalin chlorid 0 2 c e, 1 to 
innn solution both drugs given intravenously After five days the 
LTa inkw much (res Wood-slamed dmd wac found m tte abdommal 
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cavity, with little flakes of fibrin fioating on the intestines, still more bloody 
fiuid in the thoracic cavity, and the pericardial cavity was filled with veiy bloody 
fiuid A small loughened area was present on the suiface of the left ventricle 
Micioscopically the pericardium was slightly thickened The normal fibrous 
tissue of the pericardium showed slight congestion, edema and a few young con- 
nective tissue cells The area where the pericardium joins the myocardium was 
thickened with a greatly increased number of connective tissue cells, scattered 
lymphoid cells, increased vascularity with congestion, edema, and an occasional 
leulcocyte The left ventricle was affected 

The sixth rabbit of this series. No 270, weight 2370 gm, was injected intia- 
venously with spartein sulphate 0 025 gm , followed intravenously in fifteen 
minutes with adrenalin 0 2 c c The same was repeated three days later and 
the rabbit died four days aftei the second injection, that is seven days aftei 
the first injection At autopsy the abdominal cavity contained 60 c e of free 
blood stained fiuid, the thoracic cavity 18 c c , and the pei icai dial cavity was 
filled with very bloody fluid The heart muscle was pale The heart and pericar- 
dium were removed in toto Microscopically (Fig 22) a similai picture was 
seen to that in No 280, and in addition an acute process, so that the pericardium 
was considerably thickened 

The seventh rabbit, No 292, weight 1750 gm , was injected intravenously 
with 0 03 gm spartein sulphate followed intravenously in fifteen minutes by 
adrenalin chloiid 0 2 cc, 1-to-lOOO solution, this was lepeated two days later 
and the animal was killed twenty-four hours after the second injection, that is, 
three days after the first injection Macroscopically there was an area neai 
the apex on the left ventricle of a brownish color, where the muscle was soft, 
pale and flabby Microscopically a very similar picture to No 296 and No 270 
was found, only with more thickening and moie cells, more extensively dis- 
tributed 

The description of a rabbit of another series of experiments is inserted 
here as it furnishes an intei mediate stage in the pericardial lesion undoubtedly 
produced in the same way as in the preceding animal, though not the same pro- 
cedure was followed This is Rabbit 79, tieated as follows Spartein sulphate 
0 021 gm was given subcutaneously followed by adrenalin chlond, 1 to 1,000 solu- 
tion, 0 2 c c , subcutaneously These injections were repeated four times in the 
next foul months in the same way, except that the last dose of adrenalin chlond 
was given intravenously At autopsy two weeks after the last injection, the 
pericardium appeared more opaque and thicker than normal Microscopically 
in place of the rather thin, cell-poor pericardium there Avas a thick layer of 
vascular cellulai connective tissue (Fig 23) in every way similar to young 
granulation tissue 

Rabbit 266, Aveight 1240 gm , was injected intravenously with spartein sul- 
phate 0 025 gm , followed intravenously in ten to twenty minutes by adrenalin 
chlond 0 2 c c This was repeated at three day intervals for five times Aftei 
injection the rabbit became so tired AVith rapid respiration that three days latei 
the dose of spartein Avas reduced to 0 018 gm followed in ten to tAventy minutes 
by adrenalin 0 2 c c , both intravenously Again the rabbit was much exhausted 
and three days later the dose of spartein was reduced to 0 0125 gm , followed in 
ten to tAventy minutes by adrenalin 0 2 c c , both intravenously The rabbit was 
much exhausted, tired and listless, with rapid respiiation, but forceful and 
steady heart The rabbit died three quarters of an hour later At autopsy 
there was a slightly increased amount of muddy fluid in the pericardial cavity 
Dense fibrous adhesions extended from the parietal pericardium to the auricle 
and ventricle of the left heart Microscopically there was a much thickened 
cellular vascular pericardium with papilla formation on the surface of the left 
ventricle (Fig 24), a typical granulation tissue 

The remaining rabbits of this series were duplicates of the above anc 
will not be described 
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Summai y 

Although the uumbei of rabbits used in some of these expenments is 
lather small, faiily definite conclusions aie evident 

Spai tern sulphate m laige doses, mjected mtravenously alone, will 

produce no lesion of the peiicardium, except congestion Pive labbits 
weie used 


Spartein sulphate injected subcutaneously, followed by adrenalin 
chiorid subcutaneously, pi oduces no lesion of the pericaidium In this 
senes twenty-four labbits were used 

Spaitein sulphate injected subcutaneously, followed in ten minutes 
mtiavenously by adienalin ehloiid, 03 ec of a l-to-1,000 solution, does 
pioduce a pericaiditis First, congestion and edema are produced, these 
being noted as eailj' as twenty-five minutes after the adrenalin injection 
Latei theie is hemoiihage into the pencaidial cavity At a five-day 
interval there is an increased cellularity, the cells being of the young 
connective tissue and lymphoid types The same drugs repeated more 
frequently in the same dosage and the same mannei produce a more 
advanced and moie extensive lesion with increased vasculaiity At 
autopsy in those animals surviving for a few days, fluid is found in the 
body cavities In all labbits the lesion is in the pericaidium of the left 
ventricle Eight rabbits were used in this series 

In the series of six rabbits injected intravenously with small doses of 
spaitein sulphate, followed m ten to twenty minutes intravenously by 
adienalin ehlorid, 0 3 c c of a l-to-1,000 solution, an increased celliilaiity 
IS produced The lesion is usually confined to the pericardium of the 
left ven tilde (with the exception of one rabbit, in which both the right 
and left ventiicles were affected, and one rabbit in which only the peri- 
cardium of the right ventricle was affected) 

The senes of eleven rabbits injected mtiavenously with spaitein 


sulphate in maximum doses, followed intravenously by adrenalin chlorid, 
0 3 c c , show a progressive lesion of the pericardium depending upon the 
length of time the animal survived and the number of doses given At 
a foul -hour interval a macroscopic area of congestion over the surface of 
the left ventricle, and microscopically hemorrhage and edema of the 
pericardium of the left ventiicle were seen At twenty-four and tlnity- 
two hour intervals macioscopieally weie noted bloody fluid in the peri- 
cardial cavity, and areas of old congestion, and microscopically increased 
cellularity of the young connective tissue and lymphoid types with a few 
lenkocytes, at a five-day interval bloody fluid and roughening of tlie le t 
ventnole, microscopically mereased cellularity and yascularity with edema 
and oomestion Those rabbits surviving two injections and extending 
pTnods of three and seven days maoioseop.cdly a simi ar 

lesion^ of the pericardium of the left ventricle with bloody fluid, an 
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microscopically a chionie phis and acute lesion The last rabbit surviving 
SIX very large injections given in the same manner as those described 
previously in this series, showed at autopsy a muddy fluid with flbrous 
adhesions between paiietal peiicaidium and left side of heart Micro- 
scopically there was a much thickened cellular vascular pericardium with 
papilla formation ovei the left ventricle It is evident that maximum 
doses of spaitein followed by adrenalin, both given intravenoiislv produce 
the most maiked pericardial lesion 

The mechanism of the production of this peiicardial lesion appears 
to be simple As the result of the use of spartein sulphate and adrenalin 
chloiid in the ways described above ceitain lesions of the myocardium 
associated with congestion are produced In a certain number of 
instances this congestion is very marked, and associated with it there is 
exudation into the peiicardial cavity, probably both seious and hemor- 
rhagic in nature This exudation is in part undoubtedly absorbed, but in 
a considerable number of animals absorption does not take place quickly 
and organization follows This condition associated with cellulai infil- 
tration and proliferation in the pericardial layer itself gradually leads to 
a thickening of the peiicardium with the formation of typical granulation 
tissue and adhesions, with as a final result the picture of a chronic 
proliferative pericarditis 

Carney Hospital 

252 Marlborough Street 

STUDY XII EXPEKIMENTAL ENDOCARDITIS PRODUCED BY SPARTEIN 
SULPHATE AND ADRENALIN CHLORID 

HENEY A CHBISTIAN, M D , BOSTON 

In various published studies of expeiimental cardiac lesions most 
attention has been given to lesions of the myocardium and the valves ISTo 
description of certain changes sometimes found in the endocardium lin- 
ing the ventiicular cavities has come to my notice, and yet these changes 
are not infrequent in labbits that have received spartein sulphate and 
adienalin chlorid given m different combinations,^'^ they were found in 
fourteen of a group of fifty-one labbits so treated, even though in each 
rabbit only a relatively small poition of the entire heart was submitted to 
micioscopic study Foi these reasons it seems desiiable to describe the 
endoeaidial lesions found in rabbits aftei the almost simultaneous injec- 
tion of spaitem sulphate and adrenalin chloiid For such a study there 
were available in the Laboiatory of the Theoiy and Practice of Physic 

*Reported at the Annual Meeting of the Association of American Physicians 
May 3 5, 1910, Washington, I) C ^ 

37 Foi details of methods of dosage used in these experiments see series 2, 
3, 4 and 5 in the papei by Walker on Expeiimental Myocarditis m this issue 
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sections from hearts of rabbits that had been thus treated by Drs Walker 
and Dana for the puipose of studying other cardiac changes 

The endocardial lesions to be described are more common in the left 
ventiicle than in the right Similar lesions, usually less developed, were 
noted sometimes in the auricles, but in only a few hearts were the auricles 
examined so that no statement as to the relative frequency of the lesion 
in auricles and ventiicles can be given Furthermoie no exact statement 
as to relative frequency in the two ventricles is attempted for not all 
parts of either cavity were examined Cross-sections were made through 
about half of the circumference of each ventricle and a portion of the 
interventricular septum a short distance below the auriculoventricular 
groove in all hearts and in some hearts sections in addition were made at 
right angles to the plane of the formei As far as can be judged from 
these the lesion is moie commonly present or more fully developed m the 
left than in the right ventricle, thus corresponding to the distribution of 
myocardial lesions as desciibed by Fleisher and Loeb,^® and by Walker 
The lesion appears not to occui with any frequency if at all in the valves, 
at least the aoitic and mitral valves were studied histologically and found 
noimal in five of the fourteen rabbits that showed changes in the endo- 
cardium lining the cardiac cavities, and m five other rabbits with myocar- 
dial lesions 

The lesion found m these animals is entitled to be called endocaiditis 
in that it IS a progressive proliferative lesion, in sequence to injury to the 
endocardium associated with myocardial injury It follows the use of 
certain drugs or chemicals given in combination Whether they are 
caused mechanically as believed by Fleisher and Loeb for the myoeaidial 
lesions, whether they are a result of direct toxic action of the drugs, or 
whether they represent merely the extension to the endocardial surtace 
of the myocardial lesion was not evident from the histological method of 
study here used 

The earliest change in the endocardium consists in a slight focal 
proliferation of the endothelium lining the cardiac cavity with an accom- 
panying edema of the subendothelial connective tissue Instead of the 
usual flattened type of endothelial cells you see more distinctly cuboidal 
cells with round or oval nuclei rather closely ciowded together The cells 
have increased m number and their nuclei aie nchei in chromatin 


This IS well shown in Figure 25 from Eabbit 26S, which received on December 
17 spartein sulphate 0 025 gm subcutaneously, followed by ’ 

n 2 c c of a 1 to 1000 solution intravenously and in which these doses v e 
TPueated on December 20 and December 24, the animal dying on the same day 
In^it imections In Figure 25 the extreme left-hand portion of the endocar 
SuS shtrnormS endothelium, while passing from this end the cells show 


"“38 KeishCT and Loeb The Akchives Int IVIed, 1909, m, 78, and 1910: 
VI, 427 
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increasingly -well the changes described above Where the endothelium shows 
most departure from the normal flat type the subendothelial connective tissue 
shows slight edema and very moderate cell inflltration (Figure 25) 

Rabbit 272 leceived many more intravenous injections of smaller amounts 
of spartein sulphate and adrenalin chlorid, twenty-five in all, between December 
17 and February 19, and showed a very similar lesion of the endocardium Rab- 
bit 296 was given spartein sulphate 0 035 gm intravenously, followed by adre- 
nalin chlorid 0 2 c c of a 1-to-lOOO solution, and was killed the next day This 
animal showed a slight focal proliferation of the endothelium Rabbit 270 had 
two intravenous injections of spartein sulphate 0 025 gm and adrenalin chlorid 
0 2 c c of a 1-to-lOOO solution three days apart and died four days after the last 
injection It showed the endothelial proliferation already described and in addi- 
tion in places there was considerable thickening of the endocardial layer so that 
instead of the normal endocardium there was a layer of young connective tissue 
quite cellular in character 

The endocardial thickening just described in Rabbit 270 represents a some- 
what later stage of the endocarditic process in which the subendothelial con- 
nective tissue layer is thickened and cellular The cellulanty is made up of 
young connective tissue cells and infiltrating lymphocytes and plasma cells 
Rabbit 279 with two doses five days apart of spartein 0 025 subcutaneously and 
adrenalin chlorid 1 to 1000 solution 0 2 c c intravenously showed several foci of 
cellular thickened endocardium as did Rabbit 79 after five doses between Decem- 
ber 12 and April 24 (Figs 26, 27 and 28) Rabbits 280 and 292, treated very 
similarly to Rabbit 279 showed quite the same appearance, while Rabbit 283, 
treated veiy similarly to Rabbit 272, i e, with numerous smaller doses, showed 
about the same degree of focal thickening, but without the cellulanty found in 
the others Rabbit 172 with four doses, both drugs subcutaneously, from 
Octobei 30 to Decembei 8, was very like Rabbit 283 Rabbit 165 after seven sub- 
cutaneous injections of spartein and adrenalin between October 27 and November 
17 showed an area of thickened cellular endocardium Rabbit 277 with four 
injections, spartein subcutaneously and adrenalin intravenously, January 5 to 17, 
and Rabbit 267, with eight intravenous injections of spartein and adrenalin 
December 17 to January 24, showed the same general process more extensive 
than in Rabbit 279 

Rabbit 282 with fourteen intravenous injections of spartein 0 007 to 0 008 gm 
and adrenalin 0 1 of a 1-to 1000 solution given at three-day intervals showed 
a more advanced process in which the endocardium was more extensively thick- 
ened, and this thickened endocardium was only moderately cellular In Rabbit 
266 the most extensive change was encountered This animal was injected 
intravenously with spartein 0 020 to 0 025 gm , followed by adrenalin 0 2 c c 
at three-day intervals for five injections The dose of spartein was then reduced 
to 0 18 gm and 0 0125 gm , respectively, for two more doses at three day inter- 
vals llie rabbit died shortly after the last, and the endocardium was found 
much thickened though not veiy cellular (Figs 29 and 30) In some places 
in this rabbit thickened endocardium was directly continuous with areas of 
newly formed connective tissue replacing muscle cells of the myocardium 
(Fig 31) 

Summary 

In rabbits after the injection of spartein sulphate followed by adre- 
nalin chlorid there develops a proliferative lesion of the endocardium 
lining the caidiac cavity This is piobably a quite frequent lesion usually 
accompanying myocardial and pericardial lesions, as it was found in 
fourteen of a series of fifty-one heaits, even though relatively very small 
portions of the endocardium were examined m each heart The earliest 
change observed consisted m a slight proliferation of the endothelium 
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and edema of the subendotlielial connective tissue A more advanced 
stage shows proliferative thickening of the endocardium reachmo- a 
considerable degree in the most advanced lesion obtained in this senes'’ 
252 Mailboiougli Street 


STUDY XIII MYOOAEDIAL UESIOXS PBODUOBD BY RENAL IRRITANTS 

(uranium^ arsenic and potassiuai bichromate) - 

I CHANDLER WALKER, MD, BOSTON 

The lesions of the myocardium described in this papei aie those 
lesions of the hearts taken fiom animals used in the experimental produc- 
tion of chionic nephiitis Dr D M Smith, under the direction and 
supeivision of Dr H A Christian in the laboratory of the Department 
of the Theory and Piaetice of Physic, did this work on chronic nephritis 
Mostly rabbits were used, but a few guinea-pigs weie tried, although not 
veiy successfully foi the kidney work, since they would not survive suffi- 
ciently large amounts of the diugs An aqueous solution of uranium 
nitrate in doses varying from 0 0005 to 0 005 gm, an aqueous solution 
of potassium bichromate m varying amounts of a 1 per cent and a 5 pei 
cent solution and arsenic in the form of Powler^s solution in 8 and 10 
mmim doses weie used All dings were used by subcutaneous injection 
and, in addition, in a few instances, Powler^s solution was given by the 
stomach-tube Poi a detailed desciiption of the methods employed, the 
lesults obtained and the protocols, etc , I refer to Dr Smitffis paper on 
^‘^Experimental Chronic hTephritis, ^ this issue The heaits of these 
animals are consideied as controls to those used in the expeiimental 
pioduction of myocaiditis by spaitem sulphate and adrenalin chlond In 
this paper only that poition of each piotocol which deals with a patho- 
logical change in the circulatory system will be mentioned 

A senes of thirteen rabbits of varying weights were injected 
subcutaneously with 0 001 and 0 002 gm of uianium nitrate at varying 
intervals 


Eabbit 259, weight 1500 gm, was injected subcutaneously with 0 002 gm 
of uranium nitrate eveiy three or four days, in all, four injections were given 
in twenty one days, and the labbit died three days after the last injection Noth- 
ing macroscopieallv abnormal was noted at autopsy Microscopically, there were 
present in the myocardium foci of young connective tissue cells, these foci were 
quite extensive and very frequent, and the muscle was somewhat leplaced 

EaSit 260, weight 1575 gm , No 261, weight 1760 gm , No 264, weight 2070 
gm were all injected subeutaneonsly every three oi four days with 0 002 gm 
of uiamum nitrate for fouiteen times, extending over a period of two months 
At autopsy macroscopically nothing pathological was found Microscopically, 

■*This work was done under a grant from the Proctor Fund for the Study of 

^^^*RepMteT at the Annual Meeting of the Association of American Physicians, 
May 3-5, 1910, Washington, D C 
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ilie myocardium of each rabbit showed foei of young connective tissue cells with 
bbrils, lymphoid and plasma cells These foci were fairly extensive and fre- 
quent This picture was very similar to that in Kahhit 259 previously described, 
except that some foci seemed to he made up of younger connective tissue cells 
and thus more recent lesions, while other foci appeared older and more advanced 
These foci moie or less replaced the muscle 

Eabbits 207, 208, 221 and 227, weighing respectively 1530, 1740, 1435, 1460 
and 1345 gm , were injected subcutaneously with 0 002 gm of uranium nitrate 
eveiy thiee or foui days during a period of four months, thirty injections in all 
Eabbits 207 and 208 were killed foui weeks after the last injection, and at 
autopsy nothing giossly pathological was noted with the exception of an excess 
in the amount of fluid in the body cavities of Eabbit 208 The fluid of the peri- 
caidial cavity of Eabbit 208 appeared to be considerably inci eased, and the heart 
was large Microscopically, the myocardium of Eabbit 207 was markedly con- 
gested with quite marked infiltiation with lymphoid cells, especially the sub- 
pericardial myocardium In addition there was a moderate increase of young 
connective tissue and lymphoid cells, diffusely, and in small foci throughout the 
myocardium The myocardium of Eabbit 208 showed a moderate diffuse young 
connective tissue and lymphoid cell infiltration In addition, at the base of the 
left ventricle theie was a large area of young connective tissue cells with fibrils, 
large numbers of leukocytes and lymphocytes In this area the muscle which 
appeared to be hypertrophied, was more or less replaced by the above cells 
and the walls of the blood vessels at this place were infiltrated with similar cells 
Eabbit 209 was killed six weeks after the last injection At autopsy there was 
much fluid in all the body cavities, and the heait was large Microscopically 
theie W'as an extremely slight increase of young connective tissue cells in small 
diffuse foci Eabbit 221 was killed thiee days aftei the last injection The 
oigans appeared normal at autopsy Microscopically there was marked congestion 
and some edema of the myocardium with a slight amount of young connective 
tissue, lymphoid and leukocyte cell infilti ation, diffusely situated, but most marked 
in the subpencai dial myocardium Eabbit 227 died during an edema experiment, 
six weeks after the last injection At autopsy the only thing pathological noted 
was a laige amount of a free, veiy bloody fluid in the abdominal cavity Micro- 
scopically there w’as an extremely slight inciease of young connective tissue cells 
in small diffuse foci 

Eabbit 226, weight 1310 gm , wms injected subcutaneously with 0 002 gm of 
uranium nitiate every three or foui days for seven injections The rabbit died 
twm days aftei the last injection At autopsy nothing abnormal was noted except 
that the aorta was veiy brittle, parchment-hke Jnd crumbled on pressure 
Micioscopically a similai picture to that in Eabbit 227 was seen 

Eabbits 124, 129 and 130, weighing respectively 2,000, 1,520 and 2,000 gm , 
weie each injected subcutaneously wuth 0 001 gm of uranium nitiate daily foi 
eight days, after which the amount of uranium nitrate was increased to 0 002 
gm , and injected subcutaneously daily foi nine more times After this 0 002 gm 
of uranium nitrate was injected subcutaneously every three or four days for 
twenty -five injections Altogethei these thiee rabbits received forty-two injec- 
tions in five and a half months Eabbit 130 was killed three days after the last 
injection, Eabbit 129 ten days, and Eabbit 124 was killed four weeks after the 
last injection At autopsy nothing pathological was seen in any animal Micro- 
scopically Eabbit 130 showed slight congestion and very slight young connective 
tissue and lymphoid cell inciease, diflusely situated in the myocardium The myo- 
cardium of Eabbit 129 was congested in places, and one small focus of young 
connective tissue and lymphoid cells was noted in the wall of the left ventricle. 
Eabbit 124, microscopically showed very slight young connective tissue and 
lymphoid cell infiltiation thioughout the myocardium with slight congestion, 
which was nioie marked in the subpei icardial myocardium In addition, the 
nails of the blood-vessels appealed to be infiltrated with joung connective tissue 
cells 
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Therefore, to summarize the findings m this series of thirteen rabbits 
three rabbits which were injected daily for seventeen days and eveiy three 
or four days for twenly-five times, showed only a very slight increased 
cellularity of the myocaidium Pour other rabbits injected a less number 
of times showed a similar picture The remaining six rabbits showed a 
faiily maiked lesion of the myocardium, chiefly foci of young connective 
tissue and lymphoid cells, which replaced to a moie or less extent the 
muscle of the myocaidium However, in none of these rabbits was the 
lesion very marked, or very destructive, and in none was it extensive 

A second series of twenty-two rabbits of varymg weights was mjeeted 
subcutaneously with 0 005 gm of uianium nitrate at thiee-week mtervals, 
this inteival having been found to give the most satisfactory lesions m 
the kidneys 


t 

Rabbits 198, 199 and 200, weights respectively 1190, 1140 and 1190 gm, 
were injected subcutaneously with 0 005 gm of uianium nitrate and all died 
five days after being injected At autopsy all three rabbits had a large amount 
of free bloody fluid in the abdominal, thoracic and pericardial cavities Micro- 
scopically there was congestion of the subpericardial myocardium with edema, 
most marked in Eijibbit 199 and less marked in Rabbit 200 In addition, there 
was a slight diffuse infiltration of the myocardium with young connective tissue 
and lymphoid cells and leuliocytes In Rabbit 198 the cellular increase was more 
marked than in Rabbits 199 and 200 

Rabbits 246, weight 1520 gm , and 251, weight 1690 gm , were injected the 
same as the ones just described, and these died seven days after being injected 
At autopsy both rabbits had an evcess amount of fluid, straw-colored, m the 
abdominal cavity Microscopically both rabbits showed a slight diffuse young 


connective tissue and lymphoid cell infiltration of the myocardium 

Rabbit 128, weight 1330 gm , was injected subcutaneously wth 0 005 gm 
of uranium nitrate, and at the end of three weeks this was repeated The rabbit 
died twelve days after the second injection At autopsy nothing pathological 
was noted Microscopically there was congestion of the myocardium with very 
slight increase of young connective tissue and lymphoid cells, and very slight 
thickening of the walls of the blood vessel In addition, the myocardium of the 
left ventricle at the base of the heart contained a large area of cells of the young 
connective tissue and lymphoid cell types In this area the muscle was almost 
replaced by the cellularity, only shreds of muscle were evident 

Rabbit 190, weight 1390 gm, was injected the same as No 128, except 
that it got one more injection, and died eleven days after the last, or third 
injection At autopsy the aorta was stiff and like parchment, and the heart 
muscle appeared mottled with whitish specks Microscopically there was a very 
marked patchy infiltration of the myocardium with young connective tissue 
cells, and fine connective tissue fibrils These areas of cellularity were qui e 
extensive and frequent and replaced the muscle to a more or less extent There 
was an increase of young connective tissue about the walls of the blood-vessels, 


which were slightly thickened 

Rabbits 247, 248, 249, 250 and 252, weighing respectively 1430, 1720, 

2380 and 2480 gm , were all injected subcutaneously with 0 005 gm of uranium 
nitrate five times, with three-week intervals between the injections, extending 
over a period of three months These rabbits were killed respectively s^ weeKs, 
four weeks, three days, seven weeks, and six weeks after the last injection A 
autopsy nothing pathological was noted in any of the rabbits, except in Rabbi 
252 ^wLch had a large, pale and flabby heart, and there was a slight exce 

rf fluTa “toed '"‘i “ ‘I** 
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Microscopically Rabbit 247 showed foci of young connective tissue cells with 
fibrils replacing the muscles to a slight extent In Rabbits 248 and 250 the 
myocardium was very slightly infiltrated with young connective tissue and 
lymphoid cells diffusely situated Microscopically the myocardium of Rabbits 
249 and 252 showed a slight diffuse increase of young connective tissue and 
lymphoid cells In addition there was an area in the myocardium of the left 
ventricle where young connective tissue cells with fibers invade the already 
hypertrophied muscle The muscle looked like a network on which the new 
young tissue was growing 

Rabbits 189j 191, 192, 193, 194, 195, 196 and 197, weighing respectively 
1390, 1490, 1470, 2500, 1280, 1170, 1215, and 1145 gm , were all injected sub- 
cutaneously with 0 005 gm of uranium nitrate seven times at three-week inter- 
vals during a period of four months These rabbits were killed at varying inter- 
vals, four weeks, two weeks, two days, four weeks, six weeks, four weeks, six 
weeks, and seven weeks respectively after the last injection At autopsy the 
heart muscle of Rabbit 189 was of a grayish color and cut with resistance The 
other rabbits showed no pathological change of the circulatory system Micro- 
scopically the myocardium of Rabbit 189 was rather markedly infiltrated with 
young connective tissue and lymphoid cells, also there were areas where the 
byperti ophied muscle was replaced by older fibrous tissue thiough which young 
connective tissue and lymphoid cells were scattered The subpencardial myocar- 
dium was congested and theie was a diffuse cellularity of the two above-men- 
tioned types The walls of the blood-vessels seemed to be thickened and infil- 
trated with young connective tissue cells The myocardium of Rabbits 191, 
192 and 193 was very slightly infiltrated diffusely with young connective tissue 
cells and the muscle was somewhat hypeitrophied The last rabbit. No 193, had 
a more marked cellular increase than the two former Rabbit 194 showed a 
very slight diffuse young connective tissue and lymphoid cell increase The 
myocardium of Rabbit 195 was congested, edematous, quite markedly infiltrated 
with lymphoid cells, a few leukocytes and young connective tissue cells Rabbits 
196 and 197 showed a similar picture There was a very slight diffuse increased 
cellular ity with occasional foci of young connective tissue and lymphoid cells, 
also mild congestion and slight muscle hypertrophy 

Rabbit 178, weight 1580 gm , was injected subcutaneously like the above 
rabbits for six times and killed nine weeks after the last injection Micro- 
scopically there was slight diffuse young connective tissue and lymphoid cell 
increase with slight hypertrophy of the muscle of the myocardium 

Rabbits 177 and 187, weighing respectively 1250 and 1360 gm , were injected 
subcutaneously with 0 004 gm of uranium nitrate six times at three-week inter- 
vals and were killed four and nine weeks after the last injection The myocar- 
dium of Rabbit 177 showed a very slight diffuse young connective tissue and 
lymphoid cell increase The walls of the blood-vessels were thickened and the 
intimal cells appeared to be proliferated The myocardium of Rabbit 187 showed 
a more marked lesion The young connective tissue cells had fibrils, and these 
had invaded degenerated muscle fibers, and the new tissue more or less replaced 
the muscle A few lymphoid cells were noted 

In tins series of twenty-two rabbits, tbe myocardium of ten rabbits 
showed only a very slight increased cellularity The myocardium of the 
remainmg tivelve rabbits showed a fairly marked increased cellularity of 
the young connective tissue and lymphoid cell types, situated diffusely 
and in foci, which caused degeneration of the muscle and more or less 
replaced it 

A third series consisted of guinea-pigs of varying weights injected 
subcutaneously with varying amounts of uranium mtrate, ranging from 
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0.0005 gm to 0 003 gm, at varying inlemls mthing grossly patho- 
logical was found in these animals ^ ^ ^ 

Gmnea-Pig 176, weight 475 gm , was injected subcutaneously with 0 001 gm 
of uranium nitrate and died foui weeks later Microscopically there was qS 
a maiked diffuse increased cellularity of the young connective tissue and lymphoid 
cell types, with slight congestion of the myocaidium Also these cells weie 
piesent in small foci 

Guinea-Pig 140, weight 440 gm , was injected subcutaneously with 0 001 mn 
of uianium nitrate and this was repeated every three weeks for eight injections 
Ihe guinea-pig died ten days after the last injection Microscopically the myocar- 
dium showed a similar picture to Guinea-Pig 175 

Guinea-Pigs 139 and 142, weights 685 and 560 gm , were injected subcuta- 
neously with 0 0005 gm of uranium nitrate eveiy other day for ten injections 
Then the amount of uranium was increased to 0 001 gm and Guinea-Pio' 142 
died three weeks after this injection Guinea-Pig 139 survived eight injections 
of 0 001 gm each at three week periods, and was killed ten days after the eighth 
injection Micioscopically the myocardium of each guinea-pig showed a similar 
picture, namely, a slight congestion and a diffuse slight young connective tissue 
increase with occasional foci of young connective tissue and lymphoid cells The 
walls of the blood-vessels appealed to be slightly thickened 

Guinea-Pigs 186 and 241, weights 390 and 485 gm , were injected subcuta- 
neously with 0 001 gm of uranium nitrate and this was similarly repeated four 
times with three-week intervals between each injection Guinea-Pig 186 died ten 
days aftei the last injection, and Gumea-Pig 241 died foui days after the last 
injection Microscopically the myocardium of Guinea-Pig 186 was slightly con- 
gested and was infiltrated with foci of young connective tissue and lymphoid cells 
The walls of the blood-vessels appeared considerably thickened and infiltrated 
with young connective tissue cells The myocardium of Guinea Pig 241 was 
diffusely infiltiated with young connective tissue and lymphoid cells This was 
most marked in the subpericardial myocaidium The walls of the blood vessels 
were thickened with an increase of young connective tissue cells 

Guinea-Pig 176, iveight 550 gm , was injected subcutaneously with 0 001 gm 
of uranium nitrate six times at three week intervals, and was killed ten days 
aftei the last injection Micioscopically the myocardium was considerably con- 
gested and moderately infiltrated with lymphoid and young connective tissue cells 
and a few leukocytes 

Guinea-Pig 185, weight 670 gm , was injected subcutaneously with 0 002 gm 
SIX times at three week iiiteivals and was killed ten days after the last injection 
Microscopically theie was a slight diffuse young connective tissue and lymplioid 
cellularity, although the same types of cells appeared in small scattered foci 
The above cellularity was most maiked in the subpeiicardial myocardium There 
was consideiable congestion The walls of the bloodvessels weie slightly thick- 
ened 

Guinea-Pig 229, weight 400 gm , was injected subcutaneously with 0 001 gm 
of uranium nitrate five times at thiee-week intervals and the guinea pig was 
killed five weeks after the last injection Microscopically the myocardium was 
markedly congested and considerably infiltrated diffusely with young connective 
tissue cells The muscle appealed to be hypertrophied The vessel walls were 

somewhat thickened , ... 

Guinea-Pig 188, weight 450 gm , was injected subcutaneously with 0 003 gm 
of uranium nitrate, and the guinea-pig died six days later The myocardium, 
microscopically, showed congestion and a slight diffuse young connective tissue 

cellularity i 

This senes of ten guinea-pigs received a similar amount of uranium 
nitiate in proportion by weight as did the rabbits in the previous series, 
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and they likewise showed a similar lesion of the myocardium, which was 
possibly more marked, and moie extensive in proportion to then weights 
than the previous series of rabbits showed The thickening of the walls 
of the blood-vessels was more striking and more constant in this senes 
Another series of rabbits were experimented on with Fowlei’s solution, 
which was injected subcutaneously m 8 and 10 minim doses, and also 
was given in similai amounts, with equal paits of water, by stomach tube 
Tom teen rabbits were used in this series 

Rabbit 121, weight 2250 gm , was injected subcutaneously daily with 4 
minims of Fowler’s solution twice, 7 minims once, and after this with 10' minims 
daily for nine times The injections were then suspended foi one month, on 
account of severe sloughing of the abdominal wall at the site of the pievious 
injections, and also because the urine evamination showed that the labbit had a 
marked lesion of the kidneys At the end of a month 10 minims of Fowler’s 
solution with equal parts of watei were given by the stomach tube and this 
was repeated twice every other day The rabbit died tliiee days after the last 
dose Altogether the labbit received twelve subcutaneous injections daily and 
three doses by the stomach-tube At autopsy the heart was veiy large Microscop- 
ically the myocaidium was congested and theie was one area of hemorihage at 
the base of the left ventricle near the septum The subpeiicaidial myocardium 
appealed to be lecently congested 

Rabbit 138, weight 2730 gm , was injected subcutaneously with 10 minims of 
Fowler’s solution, and this was repeated two days latei 'Three weeks latei 10 
minims of Fowlei’s solution was given by the stomach-tube This was repeated 
thiee days latei, and again five days later The rabbit died two days aftei the 
third dose by the stomach tube At autopsy the heait seemed large Microscop- 
ically in the myocaidium theie i\eie aieas of fibrous tissue leplacing the muscle, 
which was left as little fragments seatteied thiough the fibrous tissue In othei 
aieas there was infiltiation with young connective tissue and lymphoid cells 
The papillary muscles were very fibrous 

Rabbit 235, weight 2520 gm , was given 10 minims of Fowlei’s solution by 
the stomach-tube This was repeated six times at weekly periods and three 
times at ten-day inteivals The rabbit ivas killed nine weeks latei The heart 
was large Micioscopically there weie foci of young connective tissue cells 
replacing the muscle of the myocardium 

Rabbits 236 and 238,> weighing 1920 and 1730 gm , were each given 8 
minims of Fowler’s solution by stomach tube and this was repeated eveiy seven 
days for six times, and after this every ten days for three more times The 
rabbits weie killed six and eight weeks respectively after the last dose At 
autopsy nothing giossly pathological was found Microscopically Rabbit 236 
showed an extremely slight diffuse and an occasional small focus of young con- 
nective tissue and lymphoid cellularity Rabbit 238, microscopically, showed a 
slight diffuse young connective tissue cell infiltiation of the myocardium, with 
muscle hypei trophy, and also very small foci of lymphoid cells The walls of 
the blood-vessels were thickened and there was capillary congestion 

Rabbit 132, weight 2050 gm , was injected subcutaneously with 10 minims 
of Fowler’s solution seven times in ten days and the rabbit died on the eleventh 
day Nothing pathological iias noted at autopsy Microscopically there uas a 
very slight young connective tissue cell increase diffusely with slight muscle 
hypei trophy and congestion of the myocardium, also there was a slight amount 
of old fibious tissue infiltrated with young connectiye tissue cells, and a few 
small foci of these cells were scattered through the mjocardium I he walls 
of the bloodvessels were thickened 

Rabbit 233, weight 1600 gm , was injected subcutaneously with 8 imninis 
of Fowler’s solution, and repeated seven times at weekly intervals ind three 



538 


THE ABCHIYES OF lETERHAL MEDWINE 


sTlZks exten^ng over a period of three months altogether 

^ ^ injection the rabbit was killed At autopsy nothin? 

77 "" ® Microscopically there was congestion and a shght diffusf 
cellulaiity of the young connective tissue and lymphoid cell types, also tLse 
same cells were in foci In addition, there were areas of young connective tissue 
cells with fibrils replacing the already hypertiophied muscle The walls of the 
blood-vessels were thickened and infiltrated with young connective tissue cells 

Rabbits 239 and 243, weights 2250 and 2280 gm , were injected subcu- 
taneously with 10 minims of Fowler’s solution In Rabbit 239 this was repeated 
every seven days for three times and the rabbit died seven days after the last 
injection In Rabbit 243 this was repeated twice at weekly intervals and the 
labbit died two days after the last injection At autopsy Rabbit 239 showed 
no pathological lesion, but Rabbit 243 had an excess of fluid in the pericardium 
and the heart was very large Micioscopically both labbits showed a similar 
lesion of the myocardium There was a slightly increased cellularity, both 
diffusely and in small foci of the young connective tissue and lymphoid cell types, 
with moderate congestion and muscle hypei trophy The walls of the blood-vessels 
weie thickened 

Rabbits 253, 254, and 255, weighing 2259, 1950, and 2180 gm respectively, 
weie each injected subcutaneously with 10 minims of Fowler’s solution, and 
this was repeated six times at ten day inteivals The rabbits were killed eight 
and SIX weeks after the last injection At autopsy nothing pathological was 
found Microscopically Rabbits 253 and 254 showed a very slight young con- 
nective tissue cell increase of the myocardium Rabbit 255 showed only marked 
congestion of the myocardium 

Rabbits 234 and 237, weighing 2470 and 1950 gm , were injected subcuta- 
neously with 10 minims of Fowler’s solution, repeated six times at weekly mter- 
vals and three times more at ten day intervals One rabbit was killed eight and 
the other six weeks after the last injection At autopsy nothing pathological was 
noted Microscopically Rabbit 234 had a slight diffuse young connective tissue 
and lymphoid cellulaiity of the myocardium with muscle hypertiophy The walls 
of the blood-vessels were slightly thickened The myocardium of Rabbit 237 
showed young connective tissue and lymphoid cells diffusely and in foci with 
slight hypertrophy of the muscle 


In this ssries of fourteen rabbits all showed a more or less inei eased 
cellularity of the myocardium diffusely or in foci or both In two rabbits 
there was only congestion of the myocaidium, in six others a slight cellu- 
lai ity of the myocardium with slight hypertrophy of the muscle In the 
remaining six rabbits the cellularity was more marked, but not very 
extensive In all cases the walls of the blood-vessels seemed to be thick- 
ened The cellularity was of the young connective tissue and lymphoid 
cell types 

Another series consisting of seven guinea-pigs were mjected subcu- 
taneously with varying doses of potassium bichromate m a 1 and a 5 per 
cent aqueous solution 


Guinea-Pigs 136 and 137, weights 475 and 490 gm, were injected subcMa- 
neously with 2 minims of a 5 per cent solution of potosium 
former died four days and the latter twelve days after the injection autopsy 
no pathological lesion was noted Microscopically both S^u^ea-pigs showed a 
similar lesion of the myocardium There was marked congestion and a slioh 
diffuse young connective ^tissue and lymphoid cellularity, which 

fSt the Jlls of the blood-veseele There were wl.e« ^TdllsZZl 

hypertrophied and other areas where it is degenerated, the muscle cells liav g 
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swollen and faintly stained nuclei The walls of the blood-vessels were thickened, 
and infiltrated with young connective tissue cells, and the cells of the intima 
appeared to be proliferating 

The remaining five guinea-pigs of this series although they received different 
amounts of the potassium bichromate and at different intervals, all showed a 
similar lesion and consequently all will be taken together 

Guinea-Pig 179, weight 480 gm , was injected subcutaneously with 2 minims 
of a 1 per cent solution of potassium bichi ornate This was repeated thiee days 
later, again in five days and nine days Eleven days later the dose ivas increased 
to four minims, and two days after this to 8 minims, which was repeated four 
times at weekly periods and four more times at three-week inter\als Thus the 
guinea-pig received four 2-minim doses, one 4-minim and nine 8-minim injections 
The guinea-pig was killed ten days after the last injection Guinea-Pig 180, 
weight 465 gm, was injected similarly, including the second 8-minim dose, after 
which it died Guinea-Pig 181, weight 835 gm, was injected subcutaneously with 
2 minims of a 5 per cent solution of potassium bichi ornate, and this was repeated 
SIX days later, and again nine days later On the eleventh day, that is, two days 
after the last injection, the amount of potassium bichromate was changed to 5 
minims of a 1 per cent solution and this was injected twice with two days inter- 
vening Two days later again the dose of potassium bichromate was increased, 
this time to 15 minims of a 1 per cent solution, and was injected six times at 
weekly intervals and three times at three-week intervals The guinea-pig was 
killed eight weeks after the last injection Guinea-Pig 183, weight 400 gm , was 
injected subcutaneously with 5 minims of a 1 per cent solution of potassium 
bichromate three times in ten days After this the amount of bichromate was 
increased to 8 minims of the 1 per cent solution and was injected subcutaneously 
eight times at weekly periods and two times at three week intervals The 
guinea-pig was killed ten days after the last injection Guinea-Pig 184, weight 
390 gm, was injected subcutaneously with 1 minim of a 1 per cent solution 
of potassium bichromate six times in twelve days and with 8 minims of a 1 per 
cent solution two times in three weeks The guinea pig died one day after the 
last injection At autopsy none of these guinea-pigs showed a pathological 
lesion of the heart Microscopically they all showed a very similar lesion of the 
myocardium There was marked congestion and a slight diffuse cellularity of 
the young connective tissue and lymphoid cell types Also these cells appeared 
in rather extensive foci, and were more noticeable about the blood-vessels The 
walls of the blood vessels were thickened and ivere infiltrated with the same 
types of cells In Guinea-Pigs 180 and 184 this cellularity was less maiked than 
in the two other guinea-pigs 

This senes showed a rather more marked cellularity of the myocar- 
dium than any previous series, although the lesion in none of these 
guinea-pigs was very extensive or destructive 

The last series consisted of seventeen rabbits of varying weights 
injected subcutaneously with varying amounts of potassium bichi ornate 
in an aqueous solution at varjang intervals 

Rabbits 131 and 133, each weighing 1900 gm , were injected subcutaneously 
with 1 c c of a 5 per cent solution of potassium bichromate, and they died five 
and SIX days later, respectively At autopsy no pathological lesion was found 
Microscopically the myocardium of Rabbit 131 showed a very slight cellularity 
of the young connective tissue and lymphoid cell types diffusely and in foci The 
walls of the blood-vessels were slightly thickened and infiltrated with young con- 
nective tissue cells Rabbit 133 showed a similar picture in the myocardium, 
except that there was in addition congestion and plasma cells in the foci and 
more degeneration of the muscle cells which had lost the cross-striations 
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Eabbifc 125, weight 1200 gm, was injected subcutaneously with 1 cc of a -S 
f , Micioscopically there were areas of old fibrous tissue , 


was 


.‘X:x =exr- sr^- 

Rabbit 182, weight 2170 gm, Avas injected subcutaneously with 0 75 cc of a 

irautnu ' bichiomate The rabbit d^ed two iveeks later 

At autopsy nothing pathological was noted Microscopically there was con- 
gestion and numerous and extensive foci of young connective tissue cells with 
iibiils, lymphoid cells and a very few leukocytes 

Rabbits 134 and, 135, iveighing 1840 and 1880 gm , ivere each injected subcuta- 
neously Avith 0 5 c c of a 5 per cent solution of potassium bichiomate This was 
repeated eight days latei, and thereafter 21 minims of a 1 per cent solution 
of potassium bichromate Avas injected subcutaneously at three Aveek intervals 
foi fom injections Both Avere killed eight Aveeks after the last injection At 
autopsy nothing pathological Avas found Microscopically both rabbits shoAved a 
similar lesion of the myocaidium There Avas a slight diffuse young connective 
tissue and lymphoid cell increase AAuth model ate congestion In addition, there 
Avere foci of young connective tissue, lymphoid cells, and plasma cells These 
foci Aveie quite extensive, and replaced the muscle cells The myocardium of 
Rabbit 135 had a slightly more extensive lesion than did Rabbit 134 In both 
the Avails of the blood-vessels Aveie thickened 

Rabbits 222, 223, 224, 225, and 231, Aveighing respectively 1300, 1530, 1730, 
1700, and 1330 gm , Aveie each injected subcutaneously Avith 21 minims of a 1 
pel cent solution of potassium bichiomate This Avas repeated every three Aveeks 
for foul more injections The rabbits Avere killed respectively ten, three, ten, 
nine and eight Aveeks after the last injection At autopsy only Rabbit 225 shOAved 
a pathological change, and this Avas a straAv colored fluid m the abdominal cavity 
Microscopically Rabbits 222, 224, and 225 had a similai lesion of the myocardium 
Ihis Avas a slight diffuse young connective tissue cellularity and also foci of these 
cells Avith fibrils scattered throughout the myocardium with more or less leplace 
ment of the muscle cells by these foci The Avails of the blood vessels Aveie thick 
ened The other two rabbits, Ros 223 and 231, shoAved only a veiy slight diffuse 
young connective tissue cellularity of the myocardium 

Rabbits 244, 245, 257, and 258, Aveighmg lespectively 2380, 2050, 2330 and 
3310 gm , Avere each injected subcutaneously Avith 21 minims of a 1 per cent 
solution of potassium bichiomate four times at tliree-Aveek intervals The rabbits 
Avere killed eight, one, five, and nine Aveeks lespectively after the last injection 
At autopsy the only pathological lesion found was in Rabbit 245, Avhose aorta 
Avas stiffened and sclerosed In Rabbit 257 the visceral pericaidium Avas covered 
Avith a veiy slight fibrinous film, and the heait of Rabbit 258 Avas large Micro- 
scopically the myocaidium of Rabbit 244 sliOAved no lesion The myocardium of 
Rabbit 245 shoAved a slight diffuse young connective tissue and lymphoid cellu 
larity In addition in the centei of the myocardium of the left ventricle there 
Avas an aiea of young fibrous tissue invading and replacing the muscle The 
Avails of the blood-vessels Avere infiltrated AVith young connective tissue cells 
The myocardium of Rabbits 257 and 258 showed a very slight diffuse young con 
nective tissue cellularity, with a veiy few lymphoid cells 

Rabbit 228, weight 1310 gm , Avas injected subcutaneously AVith 21 minims 
of a 1 per cent solution of potassium bichromate three times at three Aveek 
intervals, and the rabbit died three days after the last injection At autopsy 
theie Avas considerable bloodstained fluid in the abdominal cavity Microscop 
ically the myocardium slioAved an increased cellularity of the young connective 
tissue and lymphoid types, both in foci and diffusely 

Rabbits 262 and 263, weights 1550 and 2000 gm , were each injected subcuta 
neously with 21 minims of a 1 per cent solution of potassium bi^mate ‘wice 
with three weeks intervening betAveen the tAVO injections The rabbits Avere 
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eleven and twelve weeks aftei the last injection At autopsy no pathological 
lesion was found Microscopically the myocardium of each rabbit showed small 
clumps 01 beginning foci of young connective tissue and lymphoid cells 

As did the pievious senes, this senes showed a slight cellulaiity of 
the young connective tissue and lymphoid cell types in foci and diffusely 
In no rabbit was the lesion at all extensive 

iSummai y 

Although practically all these animals showed a more oi less increased 
cellularity of the myoeaidium, it was extremely slight in many, and in 
no animal was the cellularity marked Whereas, in the series in which 
spartem sulphate and adrenalin chloiid were used intravenously and in 
which the spartem was injected subcutaneously followed intravenously by 
adrenalin, all the labbits showed a considerable increased cellulaiitv, and 
in some there was a considerable connective tissue proliferation Also 
the extent of the lesion was in proportion to the number of injections in 
the spartem senes But m the senes just described m this paper the 
number of injections seemed to play a small part m the extensiveness of 
the lesion 

Carney Hospital 

STUDY SIV PERICARDIAL LESIONS PRODUCED BY RENAL IRRITANTS 
(uranium nitrate, ARSENIC AND POTASSIUM BICHROMATE) 

I CHANDLER WALKER, JM D , BOSTON 

During the past winter, 1910, Dr E M Smith, at the suggestion 
and under the supervision of Dr H A Christian, did some experimental 
work on chronic nephritis The drugs used were an aqueous solution of 
uramum nitrate, arsenic m the form of Bowler’s solution, and potassium 
bichromate m aqueous solution These drugs were used subcutaneously 
m various doses and at various mteivals, and in addition, the arsenic 
was given by stomach tube The majonty of animals used were rabbits, 
and a few guinea-pigs For a more detailed description and the lesiilts 
obtained I refer to Di Smith’s paper The woik was earned on in the 
Department of Theory and Practice of Physic at the Harvard Medical 
School This paper is a description of the lesions of the pericardia tliat 
occurred m Dr Smith’s experiments, and these may be considered a 
control to the experiments m which spartem sulphate and adrenalin 
chloiid were used to produce pericarditis 

One series of tliiiteen labbits of var}ung weights were injected subcu- 
taneously with 0 001 gm and 0 002 gm of uranium nitiate at leiioiis 
intervals 

*This ^\o^k vas done under a grant from the Proctor Fund for the Stud\ of 
Chronic Diseases 

^Reported at the Annual fleeting of the Association oi Americin PIusiciuit 
M ay 3 5, 1910, Washington, D C 
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In this senes, although all the rabbits showed either an acute or a 
chronic lesion of the kidneys, none showed any lesion of the pericardium 
nother senes of twenty-one labbits of vaiying weights were iniected 
subcutaneously with 0 005 gm of uranium nitrate at three-week intervals 
which interval w^as found to produce the most satisfactory kidney lesion' 
In this senes thirteen rabbits showed no lesion of the pericardium, 

whereas eight rabbits did have a lesion of the pericardium although it 
was not marked 


Rabbits 198, 199 and 200, weighing respectively 1190, 1140, and 1190 gm, 
were injected subcutaneously with 0 005 gm of uranium nitrate, and all died 
five days aftei injection Maeroscopically, no lesion of the pencaidium could be 
made out Microscopically their pericardia showed congestion which was more 
marked in some places than in others 

Rabbit 251, weight 1690 gm , was injected once in the same manner with the 
same drug, and it died seven days later Maeroscopically there was no lesion, 
but microscopically the pericardium showed slight infiltration with young con- 
nective tissue and lymphoid cells 

Rabbits 194, weight 1280 gm , 195, weight 1170 gm , and 196, weight 1215 
gm, weie injected subcutaneously with 0 005 gm of uranium nitrate, and this 
was repeated at three-week intervals for six times more, the rabbits being killed 
four and six weeks after the last injection Maeroscopically there was no peri- 
cardial lesion Microscopically Rabbits 194 and 195 shoived a slight increased 
cellularity of the young connective tissue and lymphoid cell types Rabbit 196, 
microscopically, showed a slight increased cellularity throughout the pericardium, 
like the two foimer rabbits and in addition the pericardium at the base of the 
left ventricle was rather markedly infiltrated with lymphoid cells and young 
connective tissue, which in one place extended down into the subpericardial myo- 
cardium to form a fairly laige patch of loose fibrous tissue infiltrated with young 
connective tissue and lymphoid cells with a few red blood cells and leukocytes 
The muscle is degeneiated and is replaced by this patch of tissue 

Rabbit 178, weight 1580 gm , was injected subcutaneously six times at three- 
week periods ivith 0 005 gm of uranium nitiate, and was killed nine weeks 
after the last injection Maeroscopically the pericardium showed no lesion 
Micioscopically there was a slight increase of young connective tissue cells with 
inci eased vascularity at the juncture of the pericardium and the myocardium 
The remaining rabbits of this series showed no lesion of their pericardia 

Thus it IS seen that of twenty-one rabbits all injected similarly, and 
all of which showed either acute or chronic lesions of both of their 
kidneys, only eight rabbits had a lesion of then pericardium, and this 
lesion was only slight in each rabbit, and it was not confined to any 
special numbei of injections or to any special tune limit, although foui 
of the rabbits showing a lesion, namely, congestion only, leceived only 
one injection and died a few days later The other four labbits having 
a lesion of the pericardium were injected six and seven times, and this 
lesion was only a slight increased cellularity of the young connective tissue 

and lymphoid cell types 

In a third series guinea-pigs of varying weights were injected subcu- 
taneously with varying doses of uranium nitrate at varying intervals o 
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time In all, ten gnmea-pigs were nsed and all showed a more or 
less marked lesion of their pericardia microscopically, bnt nothing 
macroscopically 

Gumea-Pig 175, weight 475 gm, was injected subcutaneously with 0 001 gm 
of uranium nitrate, and died four weeks later Microscopically there was pro- 
liferation of the pericaidial cells 

Guinea-Pigs 140, weight 440 gm , 186, weight 390 gm , and 176, weight 550 
gm , were all injected subcutaneously with 0 001 gm of uranium nitrate, which 
was repeated at three-week intervals for eight, five and six times in each rabbit 
respectively Guinea-Pig 140, receiving eight injections, and killed ten days 
after the last injection, showed foci of young connective tissue and lymphoid 
cells at the juncture of the pericardium and the myocardium In Guinea-Pig 
186, which was injected five times, and died ten days after the last injection, 
the pericardium showed moderate congestion and a fairly marked increase of 
young connective tissue and lymphoid cells at the junctuie of the pericardium 
and the myocardium Guinea-Pig 176 received six injections and was killed 
ten days after the last injection There was a slight young connective tissue 
and lymphoid cell increase 

Guinea-Pigs 139, weight 685 gm , and 142, weight 560 gm , were injected sub- 
cutaneously with 0 0005 gm of uianium nitiate eveiy othei day foi ten injec- 
tions, and after this the uranium was increased to 0 001 gm Guinea Pig 142 
died three weeks later, and the pericaidium was slightly thickened with some 
young connective tissue cell increase, a few plasma cells, and a few red blood 
cells also were present The other, Guinea-Pig 139, survived eight injections of 
0 001 gm at three-week intervals, and was killed ten days after the eighth 
injection The peiicardium showed only congestion and edema 

Guinea-Pigs 229, weight 400 gm , and 241, weight 485 grams, were injected 
subcutaneously with 0 001 gm of uranium nitrate, which was lepeated in 229 
for three times and the animal was killed five weeks after the fourth injection 
In Guinea-Pig 241 the drug was repeated foui times, when the animal died four 
days after the fifth injection In Guinea-Pig 229 the pericardium was slightly 
thickened with an increase in the young connective tissue and lymphoid cells, 
and in addition, a few plasma cells weie present Guinea-Pig 241 showed the 
same kind of cells, but in foci scattered throughout the pericardium 

Guinea-Pig 185, weight 670 gm , ivas injected subcutaneously with 0 002 
gm of uranium nitrate, repeated five times at three week intervals, and was 
killed ten days after the sixth injection There was quite marked congestion 
of the pericardium, and marked young connective tissue and lymphoid cell 
increase at the juncture of the pericardium and the myocardium 

Guinea-Pig 188, weight 450 gm , was injected subcutaneously with 0 003 gm 
of uranium nitrate, and died six days later, showing thickening of the pericardium 
in places where there was considerable young connective tissue and lymphoid cell 
increase with numerous plasma cells 

The gmnea-pigs which got a slightly larger dose of uiamiim nitiate 
m proportion to weight than the lahhits showed a slightly more maiked 
lesion and this lesion was more constant 

A senes of lahhits, fourteen in all, were experimented on with arsenic 
in the form of Fowler’s solution Three rahhits received the arsenic hy 
stomach-tuhe, a dose of 8 or 10 minims in as much water Two rahhits 
were injected subcutaneously several times, and afterward it was given by 
stomach tube Ffine rabbits were injected subcutaneously onh , the subcu- 
taneous dose in all rabbits being 10 minims undiluted, with the exception 
of one rabbit, which got 8 minims. 
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PoiSrt subcutaneously with 10 numms of 

At autopsy the pei.cardmm tens AIM mtl, a coloiless fluid Nothing w”fLad°e 
out maeioseopieally Microscopically there tverc aicas of marked coniron 
and an occasional lymphoid and young connective tissue cell ’ 

Eabbit 239, weight 2250 gm , was injected subcutaneously with 10 minims of 
Fowler’s solution for four times, with seven day intervals between the ™ions 
Ihis rabbit died seven days aftei the last injection There was nothing abnormal 

and'^^STc fl veij slight young connective tissue 

and plasma cell infiltiatioii witli slight congestion and edema of the pericaidium 

Fabbits 254, weight 1950 gm , and 255, weight 2180 gm , were injected subcu- 
taneously with 10 minims of Fowlei’s solution at ten-day intervals Each rabbit 
icceived seven injections The foimei died two days aftei the last injection the 
lattei was killed si\ weeks latei Micioscopically the peiieardium of Rabbit 
254 showed only an e\tiemely slight young connective tissue cell inciease In 
the lattei, 255, there i\as marked congestion of the pericardium 

Rabbit 233, weight IGOO gm , was injected subcutaneously with 8 minims of 
Fowler’s solution ten times, with seven or ten days between the injections, and 
was killed si\ weeks after the last injection Micioscopically at the juncture 
of the peiieaidium and the myocardium theie was a slight infiltration with young 
connective tissue and lymphoid cells 

Rabbits 234, weight 2470 gm , and 237, weight 1950 gm , were injected sub- 
cutaneously with 10 minims of Fowler’s solution foi ten injections at seven- or 
ten day iiiteivals, extending ovei a period of three months The forraei was 
killed SIX weeks and the latter eight weeks after the last injection In both, 
microscopically, there weie foci of young connective tissue and lymphoid cells 
at the juncture of the pericardium and the myocardium 

Rabbits 235, 230, and 238, weighing respectively 2520, 1920 and 1730 gm, 
were all given Fowler’s solution by stomach-tube Rabbit 235 received 10 minims 
in an equal amount of water, and Rabbits 236 and 238 got 8 minims with 10 
minims of watei They all received ten doses at seven day inteivals and were 
killed nine weeks, six weeks, and eight weeks respectively after the last oi tenth 
dose Nothing abnormal was found macroscopically Microscopically theie were 
foci of young connective tissue and lymphoid cells at the junctuie of the pen 
cardium and the myocardium Rabbit 238 sliowed a less marked picture and 
Rabbit 236 showed slight congestion also 

Rabbit 138, weight 2730 gm , was injected subcutaneously with 10 minims of 
Fowlei’s solution, and this was lepeated tivo days later Eor the next succeeding 
twenty days the labbit was given a rest, because the mine showed that the 
rabbit had a severe acute nephritis On the twenty-first day after the last or 
second subcutaneous injection, the labbit was given 10 minims of Eowlei s solu- 
tion, plus 10 minims of water by stomach-tube, and this was lepeated twice at 
three day inteivals The stomach tube was used m this case rather than con- 
tinuing subcutaneous injections, because theie was a wide aiea of necrosis an 
sloughing of the abdominal wall It might be stated heie that in all the rabbits 
to which the aisenic was given subcutaneously there was marked necrosis fol- 
lowed by sloughing of the abdominal wall for quite an extensive area about the 
site of previous injection This Rabbit 138 died three days aftei the last dose 
of Fowler’s solution Microscopically the peiicardium was slightly infiltrated 
with young connective tissue cells and there were areas of marked congestion 
Rabbit 121 wemht 2250 gm , was injected subcutaneously with 4 minims of 
FoS ‘o];i:orth.s ws rVhed o. th. neU day, and on the tb..d day tho 
dose was increased to 7 minims, which was repeated on the following d. y 
the fifth day the dose was increased to 10 minims and this was repeated erory 
dav for eleven injections Thus the labbit got sixteen injections in as many 
Sa On account’ of manked alonghmg and because the urme 
rnepht.t.s, injections wore suspended to, tour weeks At tb. end of tbat time 
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the labhit was given 10 minims of Fowlei’s solution by stomacb-tube eveiy day 
foi five days On the sixth day the rabbit died Microscopically theie was mild 
congestion of the peiicardium and aieas of bemoiibage at the junctuie of the 
peiicardium and the myocardium 

Eabbit 132, weight 2050 gm , was injected subcutaneously with 10 minims of 
Fowler’s solution seven tunes in ten days, when the labbit died The perieardium 
showed no lesion eithei macroscopically oi microscopically 

Eabbit 253, weight 2250 gm , was injected subcutaneously with ten minims of 
Fowler’s solution at '^even- and ten-day inteivals foi seven times and was killed 
eight weeks aftei the last injection The peiieaidium was not abnoimal 

Therefoie, of the fouiteen i abb its which weie given arsenic in various 
ivays over long and shoit periods, two showed no lesion of the pericar- 
dium, two others only congestion, four showed, a very slight cellular 
increase, which was hardly more than normal, and six rabbits did have 
a slightly increased cellular ity of the pericardium 

A fifth series of seven guinea-pigs of varying iveights iveie injected 
subcutaneously at various intervals with varying doses of an aqueous 
solution of potassium bichromate 

Guinea-Pigs 136 and 137, weighing lespectively 475 and 490 gm , W'eie injected 
subcutaneously with 2 minims of a 5 pei cent solution of potassium bichromate 
The formei, Guinea Pig 136, died four days and the latter died twelve days aftei 
the injection Macioscopically the peiicardium appeared normal Microscop- 
ically, the peiicardium of Guinea-Pig 136 showed areas of young connective tissue 
and lymphoid cells with congestion In Guinea-Pig 137 there was a very slight 
young connective tissue and lymphoid cell infiltiation both diffusely situated in 
the peiicardium 

Guinea-Pig 179, weight 480 gm , Avas injected subcutaneously Avitli 2 minims 
of a 1 pel cent solution of potassium bichi ornate and this Avas repeated three, 
five, and nine days latei On the eleventh day the dose AA'as inci eased to 4 minims 
of the 1 pel cent solution, and on the thirteenth day again the dose Avas inci eased 
to 8 minims of the 1 per cent solution and the guinea-pig Avas injected as pre 
viously Ihis same dose Avas lepeated five times at three Aveek inteivals and thiee 
tunes at Aveekly peiiods Thus the guinea pig Avas injected subcutaneously foui 
teen times, foui times AAuth 2 minims, once AVith 4 minims, and nine times Avith 
8 minims of a 1 per cent solution of potassium bichromate in four and one half 
months Ihe guinea-pig Avas killed ten days aftei the last injection Microscop- 
ically the pericaidium Avas a little thickened Avith an increase of young connective 
tissue and lymphoid cells Avitli congestion and edema 

Guinea Pig 180, w'eight 465 gm , Avas injected exactly the same as No 179 
except that it suivived only tAvo injections of the 8 minim dose and died two 
A\eeks after the last oi seventh injection, thus receiving inostlj small doses 
Microscopically the peiicaidium shoAAed a similai pictuie to Guinea-Pig 179 
Guinea-Pig 187, aa eight 835 gm , AAms injected subcutaneously Avitli 2 minims 
of a 5 pel cent solution of potassium bichi ornate, and six dajs latei AAith 5 
minims of a 1 per cent solution This A\as lepeated in thiee days and again 
111 tAAo days latei Aftei this the dose Avas increased to 8 minims and the 
guinea pig AA'as thusly injected Iaao days latei the dose Aias again increased to 
15 minims of a 1 pei cent solution and the guinea-pig A\as injected and this 
injection AAas lepeated six tunes at Aveeklj intervals and twice more at three- 
A\eek intervals Eight AAeeks aftei the last or tlurteentli injection the guinea-pig 
A\as killed Microscopically at the uase of the left auntie the pericardium A\as 
much thickened A\ith joung connectiAC tissue and hinphoid cell infiltiation con- 
gestion, edema and inci eased AasculantA’^ 
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Gmnea-Pjg 183 weight 400 gm , was injected suhcutaneonsly with 5 miiiin,, 
of a 1 per cent solution of potassium bichromate This was reoeated 

the giMea-pig was mjeeted Alter this the mjaotiens were suspended “or Ti^ 

r3!;, i f “e““ »ubeutaneo/srat 3kly 

intervals with 8 minims of a 1 per cent solution for seven times The eainel- 
pig was killed ten days after the last injection Microscopically there^as a 
pencardium"^^^ connective tissue cells and slight congestion of the 


Guinea-Pig 184, weight 390 gm , was injected subcutaneously with 1 minim of 
solution of potassium bichromate, and this was repeated every 
other day for six times, then the dose was increased to 8 rmTiiTna of the 1 per 
cent solution, and the gmnea-pig was thus injected two days later, and repeated 
in two weeks Tlie animal died the following day Microscopically the peri- 
cardium showed considerable increase of young connective tissue and lymphoid 
gbUs 


Thus of the seven guinea-pigs which were injected subcutaneously 
with various amounts of potassium bichromate at various intervals^ all 
showed some lesion of the pericardium, but in none was the lesion exten- 
sive or marked, usually only a slight mcreased cellularity being noted 
The last series consists of eighteen rabbits injected subcutaneously 
with potassium bichromate m doses of 31 minims of a 1 per cent solution 
at thiee-week intervals, this method seemed to give the best kidney lesion 
A few rabbits, however, received smallei doses of a 5 per cent solution 


Rabbits 222, 223, 224, 225, and 231, weighing respectively 1300, 1530, 1730, 
1700 and 1330 gm, weie all injected subcutaneously on the same dates with 21 
minims of a 1 per cent solution of potassium bichromate Each labbifc was 
injected five times at three-week intervals and they were killed respectively ten, 
three, ten, nine, and eight weeks after the last injection Microscopically nothing 
abnormal was noted Micioscopically Rabbits 222 and 225 both showed slight 
young connective tissue and lymphoid cell increase at the juncture of the peri- 
cardium and the myocardium The pericardium of Rabbit 224 was very slightly 
infiltrated with young connective tissue cells with congestion The pericardia 
of Rabbits 223 and 231 were not abnormal 

Rabbits 224, weight 2380 gm , 245, weight 2050 gm , 257, weight 2330 gm , 
and 258, weight 3310 gm , were all injected subcutaneously on the same dates 
with 21 minims of a 1 per cent solution of potassium bichromate In all, each 
rabbit received four injections at three week intervals, and they were killed 
eight, eight, five and nine weeks respectively after the last injection Macro- 
scopically the pericardia were normal, and microscopically no lesion could be 
made out with the exception of Rabbit 244, whose pericardium showed a very 
slight young connective tissue cell infiltration with congestion 

Rabbits 262 and 263, weighing 1550 and 2000 gm, were injected with 21 
minims of a 1 per cent solution of potassium bichromate two times with three 
weeks’ interval between, and the rabbits were killed twelve weeks later Macro 
scopically the pericardia of both were normal Microscopically Rabbit 262 showed 
no lesion of the pericardium, but Rabbit 263 showed a slight young connective 
tissue and lymphoid cell infiltration at the juncture of the pencaichum and the 


Rabbit 228, weight 1310 gm , was injected like the above for three times, 
and died three days after the last injection Microscopically the pericardium was 
very slightly infiltrated with young connective tissue cells and slight congestion 

'^"'RStfl34 weight 1S40 gm , and 135, weight 1880 gm , were injected sub- 
1 -miHi n p p of a 5 per cent solution of potassium bichromate Ten 

0.8 cc Z K.b0.e .08 -nObCoO 
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with 0 5 c c of the same solution After this 21 minims of a 1 per cent solution 
weie injected subcutaneously at thiee-week inteivals foi four times Both rabbits 
were killed eight weeks aftei the last injection Their peiicardia were not 
abnoimal macroscopieally Microscopically there was a veiy slight diffuse 
increase of young connective tissue cells and also foci of these cells, both types 
of lesion being situated at the junctuie of the pericaidium and the myocaidium 

Rabbits 131 and 133, each weighing 1900 gm , were injected subcutane'ouslj’ 
with 1 cc of a 5 pel cent solution of potassium bichi ornate The foimer died 
five days and the latter six days aftei the injection Microscopically Rabbit 131 
showed a veiy slight young connective tissue and lymphoid cell infiltration at 
the junctuie of the peiicaidium and myocardium Rabbit 133, microscopically, 
showed prolifeiation of the pericardial cells, occasional foci of young connective 
tissue and lymphoid cells and areas of hemorrhage and edema at the juncture of 
the pericaidium and the myocaidium 

Rabbit 182, weight 2170 gm , was injected subcutaneously with 0 75 c c of a 
5 pel cent solution of potassium bichi ornate, and the labbit died fouiteen days^ 
latei Micioscopically theie were foci of young connective tissue and lymphoid 
cells at the junctuie of the pericaidium and the myocaidium 

In this senes of eighteen i abb its six showed no lesion of the peii- 
caidium, in six there was a slight increased cellularity, and m the remain- 
ing SIX rabbits the peiicardmm showed a fairly marked cellulaiity 

Summaiy 

Thus it IS seen that the drugs used in these expeiiments, although 
in all eases theie was a nephritis more oi less marked, produced in no 
case a marked lesion of the pericardium, and in most animals there was 
only a slight deviation from the normal, and many showed no lesion at 
all, Avheieas, in the experiments with spartein sulphate and adrenalin 
chloiid, both injected intravenously, and in those where the spartein 
sulphate was used subcutaneously, followed by adrenalin intiavenoiisty, 
practically all rabbits showed a considerable and many showed a marked 
lesion of the pericaidium 

Cainey Hospital 

STUDY XV HEPATIC LESIONS ASSOCIATED WITH EXPERIilENTAL 

CARDIAC LESIONS 
HEXKY A CHRISTIAN, :M D , BOSTON 

In a study of experimental myocarditis produced by spartein sulphate 
and adrenalin chloiid earned on m this laboratory by Walker, fifty-seven 
rabbits received injections of these substances in vai}ing dosage The 
livers from these rabbits form the basis of this study 

The most striking thing in this senes is the infrequency of hepatic 
lesions, in sharp contrast to the very constant cardiac lesion^ Spartein 
and adrenalin appear to produce very slight direct change in the liver, 
at most as demonstrable in our animals, a transient congestion of the 
liver (active hjpeiemia) as shown m Figure 32' trom a rabbit (Eabbit 

*A11 photographs foi this senes of articles were made by Mr L L Brown, 
of the Massachusetts Geneial Hospital for whose careful work I wish to e\pres-> 
m\ thanks 
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273^^) dying slioitly after receiving subcutaneously 0 025 gm spartein 
sulphate followed intiavenously by 0 2 cc of a 1 to 1,000 solution of 
adienalin clilorid On the other hand in some rabbits there result hepatic 
changes which aie indirectly caused by the spaitem and adrenalin in the 
sense that these substances produce cardiac lesions and consequent to 
those passive congestion of the liver aiises Thus we have an experi- 
mental method of producing the hepatic lesions of chronic passive 
congestion in which the conditions are quite analogous to those found in 
man suftering from cardiac insufficiency Unfortunately in only a few 
of these rabbits did the cardiac lesion advance to a stage of moderate 
decompensation, and only six showed hepatic changes interpretable as the 
consequence of passive congestion However, these changes are in 
harmony with the views recently expressed by Mallory®® in regard to the 
histogenesis of the hepatic lesions of chronic passive congestion, views 
contrary to those generally held by pathologists, and are described here 
mainly for that reason 

In five livers (Babbits 266, 275, 280, 282, 283) the lesion present 
consists merely in a dilatation of the sinusoids, most marked in the 
vicinity of the central veins (teiminal branches of the hepatic vein) and 
this dilatation is quite generally present throughout the liver Figures 
33 and 34 show this dilatation in contrast to the normal condition shown 
in Figure 35 Along with the dilatation of the smusoids the liver cells 
show a moderate decrease in diameter Ho other changes are found in 
these livers The amount of dilatation varies in the several livers and in 
none is it extreme This change appears to be a simple passive congestion 
of the liver consequent to the caidiac lesion 

In a fifth rabbit (Babbit 79) of this series a very different hepatic 
lesion occurs In the first place theie is only moderate dilatation of ihe 
sinusoids, not very general in its distribution This is notwithstanding 
the fact that a marked cardiac lesion existed and the heart functionally 
was decompensated as evidenced by a marked degree of edema and ascites 
In the second place there is a very marked lesion distinctly irregular in 
its distiibution consisting of the disappearance of liver cells and their 
leplacement by blood corpuscles This lesion corresponds in appearance 
with what IS seen in the liver lobules of marked degrees of chronic passive 
congestion in man, a picture usually explained as arising from the 
atrophy and disappearance of liver cells and their replacement by dilated 
sinusoids Figures 36, 37 and 38 show these lesions under moderate 
magnification and illustrate their focal character More careful study 
of the changes in the liver of this rabbit shows that these lesions are 
11 regularly distributed, being much more numerous in some sections 
than in others taken from different parts of the liver, however, as some 


38 For protocols of rabbits referred to, see end of this paper 

39 Mallory Journal Med Eesearch, 1911, new series, vi\, 45o 
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evidence of this change is fonnd in all sections^ the lesion is widely 
distributed Their size varies from a small focus to an area occupying 
more than half the field of a Zeiss 16 mm objective with No 4 ocular 
The lesion nearly always is closely adjacent to some branch of the hepatic 
vein, and veiy rarely extends peripherally so as to be in contact with 
branches of the poital vein This distribution of lesion corresponds 
closely with that of extensive central necroses in human livers as described 
by Mallory^® and is almost identical with the distribution of typical liver 
necroses of this type found in one rabbit (No 293) of this series in 
which there was no vascular or other lesion In its most typical form the 
lesion consists of an area from whose center liver cells have entirely 
disappeared and there remain only red blood corpuscles, a small amount 
of hepatic reticulum and blood-vessel walls with connective tissue and 
endothelial cells In the peripheral portion of such an area liver cells 
are found in different stages of degeneration Many of these cells are 
more or less necrotic The necrosis is evidenced by the cytoplasm staining 
pinkish to dark pink in contrast to the blue of the normal cytoplasm 
The cytoplasm usually contains fine granules of yellowish pigment and 
the cells are smaller than the normal liver cell The nuclei in some cells 
have disappeared, but as a rule the nuclei show much less change than 
does the cytoplasm Almost always hemorrhage has taken place about the 
liver cells (Figure 39), and this is particularly well shown in sections 
stained by Mallory’s anilin blue connective tissue stain where the blood 
corpuscles aie plainly seen between the liver cell and tlie wall of the sinu- 
soid (Figure 40) Polynuclear leukocytes to a slight extent wandei into 
the space about the necrotic liver cells or penetrate them At the peripheiy 
of many of these lesions transitions can be traced between slightly 
changed liver cells with a few red blood corpuscles about them to spaces 
from which liver cells have disappeaied entirely, and their place has been 
taken by red blood corpuscles In sections stained with the anilm blue 
connective tissue stain, foci where no liver cells appear can be seen to be 
made up very largely of red blood corpuscles filling spaces foimerly 
occupied by hepatic cells, and in such areas the dilated sinusoid makes 
but a small part of the blood lake In other places hemorihage into peri- 
cellulai spaces has taken place though the hepatic cells show very slight 
evidence of degeneration beyond atrophy and a changed gianulaiity indi- 
cating some disturbance in the usual cytoplasmic aichiteetuie 

Scatteied thiough the sections are groups of liver cells, almost always 
at the periphery of hemorrhagic foci such as aie described above, which 
present a verj' different appearance from the cells shoving neciosis These 
cells have undergone a vacuolai change They are lery much svollen 
(Figure 41) , then nuclei, centrally situated, stain quite veil, in place of 
the usual gianulai cjtoplasm there often remains onlj a fev scatteied 


40 Mallory Jour Med Research, 1901, \i, 204 
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cytoplasmic gi armies and threads, some cells have a distinctly punehed- 
out appearance as if all else than nucleus and cell membrane had disap- 
peared, other cells have a distmct foam structure made up of medium- 
si7ed vacuoles The exact relation of these livei cells to the hemorihagic 
foci is not deal The line of demarcation between hemoiihagic focus 
and vacuolar cells is usually sharp, but the two are ordinarily closely 
related Sometimes sinusoids between the vacuolated cells are dilated, 
usually not In a few places red blood corpuscles appear to have pene- 
trated the cell membrane and are crowded about the nucleus Possibly 
to a certain extent hemorrhagic foci form as a sequence of this tvpe of 
cell degeneration However, this cannot be said to be proved by the 
hndings in this liver 

In addition to the changes already deseiibed only one other liver of 
the senes shoued a lesion, that was a fairly well-marked cirrhosis piob- 
alilv not associated with the spaitein and adrenalin in a causative way, 
as it was quite similar to a type of cirrhosis occasionally met with in 
rabbits, either treated in vaiious ways, oi killed without any treatment 
foi controls, and so presumably a spontaneous oi accidental lesion 


Summa) ij 

In a series of fitty-seven rabbits treated in various ways with sparteim 
and adrenalin, very few hepatic lesions were found In one focal necroses 
and in another ciiihotic changes were encountered, not believed to be 
associated with the drugs in a causative sense In animals killed shortly 
after injections of larger doses of spaitein and adrenalin acute hyperemia 
of the liver is found In rabbits showing distinct cardiac lesions, two 
changes are found in the liver One is a simple general dilatation of the 
central sinusoids with slight atiophy of liver cells, simple passive conges- 
tion, a mechanical effect The other is a focal lesion with partial disap- 
peaiance of liver cells and their replacement by blood The latter change 
IS the result of simple passive congestion combined with degeneration, 
mainly necrosis of liver cells as shown by the irregular distribution of the 
lesion and the presence of blood outside the sinusoids, either about degen- 
erated liver cells oi occupying the space remaining after the total disap- 
peaiance of the liver cells, simple passive congestion plus focal liver 
degeneiation, a mechanical effect in combination with a toxin of some 
kind pioducing cell injury and interstitial hemoiihage 


PPOTOCOIS OF BABBITS KCFERKED TO IV THE PAPER 
79— Eabbit Weight 1700 gm Decembei 12, 1908, spartem sul- 


PHOTOCOL tv - I T 9^ 

pliate 0 021 gm , adrenalin chlornl 02 cc, both subcutaneousl} 

same Februaij 19, spaitein sulphate 0 021 . ^renaliii chloiid 0 0 c c , 

Maich 16, same Apul 9, weight 2100 gm Spartem 1909 

cutaneouslv, aclienalin cbloiid 0 2 cc intiavenously Killed Apnl -4, 

"'"SoS-raere .s deiin.te, „ell-=.a.ked ede»., of the 

and the hcrotum The peritoneum oontama 1J5 co of mottled in 

of 1018 Livei, weight 102 gm , appeals very large 
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coloij being daik led, checkeied ovei with a tiaceiy of lightei grayish led aieas 
corresponding appaiently to lobules and giving the appearance of a nutmeg liver 
Pleural cavities aie filled with fluid Heart, light ventricle is of normal con- 
sistence, as IS the right auricle The left auricle is distinctly thickened, feels 
firmer than light The left ventricle from a point a little helow the 
auriculo-venti icular groove almost down to the apex feels dense, the wall is 
thickened and is paler in color than other parts of the heart Lungs, reddish 
pink, evuding a considerable amount of frothy serum from the cut surface 

Pkotocol 266 — Rabbit Deeembei 7, 1909, spar tern sulphate 0 025 gm intra- 
venously, adrenalin chloiid 0 2 ce intia\enously December 9, spaitein sulphate 
0 025 gm , adienalin chloiid 0 2 ec, both intravenously December 13, 16, 20, 
January 5, same January 10, spar tern sulphate 0 018 gm , adrenalin chlorid 0 2 
cc, both intravenously January 13, spartein sulphate 0 0125 gm , adrenalin 
chlorid 02 cc, both intravenously Died January 13 Weight 1420 gm 

Autopsy — ^No free fluid in the cavities except small amount of muddy fluid 
in the per rear drum Quite firm fibrous adhesions between the two layers of the 
peiieardium Heart appears large, weight, 6 05 gm , surface rough from torn 
adhesions Kidneys, weight, 9 55 gm , on section show a nai row whitish cortex 
with prominent glomeruli, while the medulla is of a dark brownish color 

Protocol 273 — Rabbit December 24, 1909, spaitein sulphate 0 025 gm 
subcutaneously, adieualiii chlorid 0 2 ec intravenously Died December 24 
Weight 2170 gm 

Autopsy — No free fluid in the cavities of organs injected Heart, weight, 
7 5 gm Kidneys, weight 13 3 gm 

Protocol 275 — Rabbit December 24, 1009, spaitein sulphate 0 025 gm sub- 
cutaneously, adienalin cbloiid 0 2 cc intiavenoiisly Died m 15 minutes 

Autopsy — Much free fluid in the abdominal cavity Heart, weight, 8 1 gm 
Kidneys, weight, 13 3 gm 

Protocol 280 — Rabbit January 5, 1910, spartein sulphate 0 03 gm , 
adrenalin chlorid 0 2 cc, both intravenously January 10, spaitein sulphate 
0 018 gm intravenously Animal died almost immediately 

Autopsy — ^IVIuch free bloodstained fluid in the abdominal, pleuial and peri- 
cardial cavities Heart, weight, 7 5 gm Kidneys, weight, 10 65 gm 

Protocol 282 — Rabbit January 31, 1910, spaitein sulphate 0 007 gm , adie 
nalin chlorid 0 1 cc, both intravenously Repeated Feb 2, 4, 9, 11, 14, 17, 24 
February 28, spaitein sulphate 0 008 gm , adrenalin chloiid 0 1 cc, both intra- 
venously February 28, spaitein sulphate 0 008 gm , adienalin chlorid 0 1 cc 
March 2, spartein sulphate 0 008 gm , adienalin chloiid 0 1 cc Maich 5 spai- 
tein sulphate 0 008 gm , adienalin chloiid 0 1 cc March 7, spartein sulphate 
0 008 gm , adienalin chloiid 0 1 c c March 9, spaitein sulphate 0 008 gm , adrena- 
lin chlorid 0 1 cc March 12, spaitein sulphate 0 008 gm , adrenalin chloiid 0 1 
cc Same on March 14, all injections intiavenously Died on March 14 

Autopsy — Slight amount of bloody fluid in abdominal, pleural and pericardial 
cxvities Heart, weight, 10 1 gm , appears large, left ventiicle and auricle very 
film and thickened, with a large whitish aiea near the aui iculoventi iculai groove 
in the left ventricle Kidneys, weight 19 1 gm 

Protocol 283 — Rabbit Spartein sulphate 0 007 gm , adienalin chlorid 0 1 
cc Repeated February 2, 4, 9, 11, 14, 17, 24, 28 March 2, spartein sulphate 
0 008 gm , adrenalin chlorid 0 1 cc Repeated Maich 5, 7, 9, 12, 14, 16, 19, 21, 
23, March 28, spartein sulphate 0 02 gm , adienalin chloiid 0 1 cc Repeated 
March 31 April 2, spartein sulphate 0 025 gm , adrenalin chlorid 0 165 cc 
Repeated April 4, 6, 9, all injections intravenously Died April 9 

Autopsy — ^Right pleuial cavity filled with pus Upper half of right lung 
solidified Peiieardium much thickened uith adhesions Heart is enlarged 
Protocol 293 — Rabbit Maich 30, spartein sulphate 0 04 gm , adrenalin 

chlorid 0 2 e c , both intravenously Killed Maich 31 

J utopsy — Slight amount of sti axv colored fluid in the abdominal cavity, con- 
sideiable amount in pleural cavity Pei icai dial cavity filled with bloody fluid 
252 Marlboiough Street 



A MODIFICATION" OF "WOHLGEMUTH^S METHOD FOE 
THE QHANTITATI'V’E STUDY OF THE ACTI"VITY 
OF THE PANCEEATIC FUNCTION'- 

P B HAWK, PhD 

mPANA, ILL 

The method suggested by Wohlgemuth^ for the quantitative deter- 
mination of fecal amylase does not yield dependable data when stools of 
a. pronounced acid reaction are undei examination The principle of 
Wohlgemuth’s method is the extraction of a weighed portion of feces 
with 1 per cent sodium chlorid solution and the determmation of the 
amylolytic activity of gradually deci easing volumes of this centrifugated 
extract, by means of a series of tubes m each of which 5 c c of 1 per cent 
soluble starch is used as substrate After twenty-four hours at 38 C 
these tubes aie treated with a solution of lodin and the extent of digestion 
determined coloiimetrically 

In case the stools do not vaiy in reaction to any pionounced degiee 
from the normal limits, the above procedure of Wohlgemuth is satis- 
factory for oidinar}'' clinical purposes However, when the dietary or 
metabolic regime of the patient is such as to cause the production of stools 
which are strongly acid in reaction, the sodium chlorid extracts of such 
stools will possess such a high acid concentration as to render the inrer- 
pietation of the findings obtained by means of this method, rather open 
to question In a recent investigation as to the influence of water- 
drinking at meal-time on the activity of the pancreatic function^ T used 
Wohlgemuth’s method Certain stools were encountered during the 
peiiod in which large volumes of watei were being daily ingested, which 
gave evidence of an amylolytic activity several times greater than that 
possessed by the other stools examined In searching for an explanation 
as to this increased starch-hydrolyzmg property, I found the stools in 
question to possess a very strong acid reaction The question then arose 
as to the interpretation of the amylolytic power of the feces Was this 
increased amylolysis to be interpreted as a sure indication of a stimulated 
pancreas, or was there a possibility that the acid reaction of the stools had 
introduced an uncontrolled factor, which vitiated, to a degree, the find- 
ings obtained by means of the method in question ^ 

* From the Laboratory of Physiological Chemistry of the University of Illinois 

1 Wohlgemuth Berl klin Wchnsehr , IDlff, ^Ivii, 92 

2 Hawk The Archives Int Med, 1911, viii, 382 
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It has been demonstiated that amylase is very susceptible to the 
mfluence of acids For example, Chittenden and Giiswold® have shown 
that the presence of a trace of acid will facilitate the action of the enzyme, 
whereas an acidity but slightly in excess of that bringing about optimum 
activity of the enzyme will cause absolute inhibition These findings 
were verified by Vernon,^ who also demonstrated the inhibitory influence 
of alkali Vernon determined that the enzyme was four times as active 
in the piesence of 0 004 per cent hydrochloric acid as in a neutral solu- 
tion and moreovei, that an acid concentration of 0 009 per cent hydro- 
chloiic acid entiiely inhibited the action of the enzyme Purthei tests 
with 01 game acids such, foi example, as lactic acid and acetic acid, vielded 
similar findings, it being shown, in geneial, that traces of organic acids 
facilitated the action of the enzyme, whereas acid concentrations but 
slightly in excess of these, caused complete inhibition The amylase 
possessed the optimum activity in the piesence of 0 0083 per cent lactic 
acid A similai stimulation of amylase activity, through the proper acid 
concentiation, has been demonstiated by Schierbeck,® who also determined 
the retarding action of alkali 

Bearing m mind the facts just cited regaidmg the influence of acid 
on the action of amylase, it seemed entirely possible, therefore, in the 
case of the stools in question in this investigation, that the hydrogen ion 
concentration of the feces as passed was sufiicient to impart to the sodium 
chlorid extracts, as prepaied in the Wohlgemuth technic, the proper 
hydrogen ion concentiation to induce the optimum activity of the amylase 
The hydrogen ion concentration of the sodium chlorid extracts of the 
other stools examined was evidently not sufficient to cause any appreciable 
augmentation of the enzyme activity above that possessed by the amylase 
in neutral solution It is evident, therefoie, that only neutralized extracts 
should be examined, if the application of Wohlgemuth’s method is to be 
of any real service to the clinician and in older to eliminate the question 
of uncertainty m connection with the interpretation of the data obtained 
fiom stools possessing a concentration of H oi OH ions, far above the 
normal limits 

If we attempt to use mdicatois to determine the neutiality of the 
fecal extracts, we are at the outset confronted by a serious difficulty 
Under all conditions the extracts possess a brownish cast of color, the 
depth of which depends on the quantity of pigment present After a 
senes of testmgs we can, of course, bring the extract to the neutral point, 
but our testings have been instrumental in removing a certain amount 
of the fecal extiact which has been cairied into the indicator paper bv 
capillary attraction This method of neutralization also causes the fecal 

3 Chittenden and Griswold Am Chem Jour , 1881, iii, 305 

4 Vernon Jour Physiol, 1901-02, xxvii, 174 

5 Schierbeek Skandin Aich f Physiol, 1892, iii, 344 
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extracts fiom day to day to assume a variable electrolyte content This 
fact of itself would intioduce an error, inasmuch, as Sheiman® and 
collaborators have recently shown that pancreatic amylase is greatly 
influenced by the electrolyte concentration Still more recent evidence in 
this connection has been furnished by Lisbonne^ and by Gerber » A neu- 
tral solution could, of course, be obtained by dialysis, but this manipula- 
tion would entail considerable extra labor, and the amylase value of the 
stools under exammation would not be available inside of forty-eight 
hours fiom the time they were passed 

The problem was finally solved by the use of a phosphate mixture'* 
as the extraction medium This phosphate mixtuie contains 0 1 mol 
diliydrogen sodium phosphate and 0 2 mol disodium hydrogen phosphate 
per liter This was prepared m a 1 pei cent solution of sodium chloiid, 
in order to produce a sujBQciently high electrolyte content to insure satis- 
factory amylolytic action the use of this phosphate mixture as an 
extraction medium, we secuie a neutral extract, even though the feces 
should possess a rathei liighei H or OH ion concentiation than is noi- 
mally met with 

The action of such a solution, in maintaining a constant hydrogen and 
hydroxyl ion concentration, is explained by the aid of the ionic theory as 
follows Under the conditions outlined above, we have a solution of the 
two phosphates such that the equilibrium constant 


(H*) (A) 

k== 

(HA) 

IS approximately equal to 1 x 10”'*^ oi to the concentration of the hydrogen 
ion in pure water, i e , the solution is neutial If we add an acid to this 
solution, then the excess of hydrogen ion derived from the acid will be 
removed according to the reaction 


n+ + A- = HA 

and likewise, if we add an alkali the excess of ]iydrox3d ion will be 
removed according to the reaction 

HA + 0H- = n20 + A- 

That IS, a mixture of a weak acid and a salt of this acid in the piopei 
pioportions will tend to preserve itself m a neutral condition, within 
certain limits, when treated with varying amounts of acid or alkali flhe 


6 Sherman, Kendall and Clark Jom Am Chera Soc, 1910, vxxn, 1073, 

Sherman and Kendall Jom Am Chem Soc, 1910, 1087 

7 Lisbonne Compt rend Soc de biol , 1911, I'^x, 13-. 

8 Gerber Compt lend Soc ’nendersoo a»d Wetoto 

J„urSfd"lesrck i„de.^ Am do„. Pbye.o, , 

'"“?oTrdKSeesor B W 

fox suggesting the use of this phosphate mixtme for this purpose 
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mixture of NagHPO^ and NaHoPO^ m the piopoition 2 to 1, as men- 
tioned above, satisfies the condition as outlined for the preservation of a 
neutial solution 

If the method described in this paper is followed, the electroh'te con- 
centration of the various fecal extracts will also be very uniform, the only 
variation being due to any slight vaiiation which may be possessed by the 
different stools under examination When it is lecalled that only 2 gm 
of moist feces are employed, and further that this amount of feces is 
extracted with a 1 per cent solution of sodium chlorid containing phos- 
phate as already mdicated, it is evident that the variation in the electro- 
lyte concentration of different fecal extracts is entirely negligible 

In harmony with the above facts I would suggest the following modi- 
fication of Wohlgemuth’s method 

Weigh accurately about 2 gm of fresh feces into a mortal add See of a 
phosphate-chloi id solution ( 0 1 mol dihydrogen sodium phosphate and 0 2 mol 
disodium hydrogen phosphate per liter of 1 per cent sodium chlond), 2 cc at 
a time, rubbing the feces mixture to a homogeneous consistency after each addi- 
tion of the extraction medium Permit the mixtui e to stand at room temperature 
for a half-houi with frequent stirring We now have a neutral fecal suspension 
Transfer this suspension to a 15 c e graduated centrifuge tube being sure to 
wash the mortar and pestle carefully with the phosphate-chlond solution and 
add all washings to the suspension in the centrifuge tube The suspension is 
now made up to the 15 c c mark with the phosphate chloi id solution and cen- 
trifugated for a lifteen-minute period, or longer if necessary, to secure satisfac- 
tory sedimentation At this point, read and lecoid the height of the sediment 
column Remove the supernatant liquid by means of a bent pipette, transfer it 
to a 50 ec volumetiic flask and dilute it to the 50 c c mark with the phosphate- 
chlond solution Mix the fecal extract thoroughly by shaking and determine its 
amylolytic activity For this purpose a senes of six graduated tubes is pie- 
pared, containing volumes of the extract ranging from 25cc to 0 078cc Each 
of the intermediate tubes in this series will thus contain one-half as much 
fluid as the preceding tube Now make the contents of each tube 2 5 c c by 
means of the phosphate chlorid solution in order to secure a uniform electrolyte 
concentration Intioduce 5 c c of a 1 per cent soluble starch solution’^- and 
three drops of toluol into each tube, thoroughly mix the contents by shaking, 
close the tubes by means of stoppers and place them in an incubator at 38 C 
for twenty-four hours At the end of this time remove the tubes, fill each to 
within half an inch of the top with ice watei , add one drop of tenth-normal 
lodin solution, thoroughly mix the contents and examine the tubes carefully 
with the aid of a strong light Select the last tube in the series which shows 
entire absence of blue color, thus indicating that the staich has been completely 
transformed into dextrin and sugar, and calculate the amylolytic activity on the 
basis of this dilution In case of indecision between two tubes, add an extra 
drop of the lodin solution and observe them again “ 

11 Duplicate determinations should be made 

12 In preparing the 1 per cent solution, the weighed starch powder should 
be dissolved in cold distilled water in a casserole and stirred until a homogeneous 
suspension is obtained The mixture should then be heated with constant stir- 
nng, until it is clear This ordinarily takes from eight to ten minutes A 
slightly opaque solution is thus obtained, which should be cooled and made up 
to the proper volume before using 

13 Theoretically we would expect the colors to range from a light yellow to 
a dark blue, with red tubes holding an intei mediate position in the series This 
color sequence does often occur, but its occurrence is far from universal Many 
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CEEEBEOSPINAL MENIISTGITIS DUE TO BACILLUS 

INELUEUZiE 

A REPORT OE TWO CASES^ EROil ONE OE WHICH THIS ORGANISil WAS 
OBTAINED IN PURE CULTURE EROM THE CIRCULATING 
BLOOD EIGIITY-EIVE DAYS BEEORE DEATH 

' LAWRENCE J RHEA, MD 

MONTREAL, CANADA 

N’eivo'us phenomena m influenza are very common, but if we are to 
judge from the eases reported m the liteiature, meningitis due to Bacillus 
mfluemcB alone is uncommon 

Cohoe^ in 1909 reviewed the cases that had been reported up to that 
time and added one ease of his own He was able to collect reports of 
twenty-four cases in which the diagnosis was based on bacteriological 
findings Eifty-six pei cent of these cases occuried in children under 1 
year of age Eighty-five per cent of the patients m Cohoe’s review died , 
most of the cases came to autopsy During the past two years several 
new cases have been reported ^ 

The gross changes in the central nervous system of patients dying 
from influenzal meningitis have shown great variation in their situation, 
extent and character In most eases the lesions are confined to the tissues 
of the menmges but the gray and white matter of the brain and cord 
may be involved The meningeal involvement is generally confined to 
the cerebrum, and the extent of the lesions in this location vanes gieatly 
In some eases only very small areas, in others the gi eater part of the 
ceiebral meninges, are affected The gross character of the lesion in the 
meninges is not constant In some of the cases no gross pathological 
changes could be seen, in others there was only congestion of the blood- 
vessels, but there may be frank exudate, indistinguishable from thatl 
produced by the pneumococcus or meningococcus, intrapial ecchymoses, 
or laige or small mtrapial hemorrhages The macroscopical changes in 
the gray and white matter of the brain and spinal cord vary with the 

*Read before the Ameiican Association of Bacteriologists and Pathologists, 
:May, 1910 

1 Influenza Meningitis Am Jour Med Sc , 1909, cxxxvii, 74 

2 Davis, Tr Chicago Path Soc , 1910, viii, 39 44, reports seven cases of 
influenza meningitis From two of these cases Bacillus influcnzcB was obtained 
in pure culture Meyer in an article entitled Ueber akute genuine Encephalitis, 
Fiankf Ztschr f Path, 1910, v, 532, gives reference to several articles on 
influenza infections of the cential neivous sj'stem 
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CONGEmTAL OBLITERATION OE THE BILE-DHCTS ^ 

C P HOWARD, M D , akd S B WOLBACH, M D 

IOWA CIT^, lA BOSTON 

Congenital obhteiation of the bile-dnets, though long recognized and 
lorted with lelative frequency m medical literature, is still, we believe, 
mfficiently raie condition to warrant an additional clinical and patho- 
fieal leport The histoiy and pathological findings of a case will first 
given, and subsequently tlie incidence, symptomatology^ gross and 
cioscopical anatomy and pathogenesis will be discussed 


I REPORT OF CASE 


Patient — J , age 6 weeks, male, Hebreiv, was admitted on March 24, 1910, 
the children’s clinic and subsequently to the seiviee of Dr Finley of the Mon- 
al General Hospital The complaint was “yellowness of the skin ” The fol- 
ding history was obtained from the mother 

Family History — ^The father was living and well at 42 years, the mother 
3 living and well at 35 When 18 years of age, during her first year of mar- 
ge, she had a miscarriage at the fomth month One year later a child was 
•n at full teim but died tliiee weeks after birth A third pregnancy did not 
;ur until seven years latei, and the fourth and fifth followed in rapid succes- 
n All of the three latter resulted in full-term, healthy children who are at 
jsent 10, 8 and 5 yeais old, respectively As far as she remembeied, none of 


m was jaundiced at birth oi during infancy 

Petsonal Histoiy —This, the sixth pregnancy was uneventful, the mother 
jg peifectly well during the entiie period The birth occuried at full term 
I was normal The child was fat, healthy-looking and not noticeably jaun- 
jd at birth It was bi east-fed for the first seven days when it was weaned on 
ount of a maternal pueiperal infection which necessitated the mother being 
lOved to a hospital on Feb 16, 1910 lliere a clinical diagnosis of puerperal 
’ction and pelvic cellulitis was made When last seen by the mother she is 
tain that the child was healthy and not noticeably jaundiced During her 
ence the child was sent by the Baron de Hiisch Institute to the Montreal 
indling Hospital 

Present Illness — ^Through the kindness of Dr J L D Mason of the Baron 
Hirsch Institute and Dis Wylde and Hill of the Foundling Hospital we 
iseqnently learned that on Febiuary 23, the day of admission to the latter 
fcitution, and when the baby was two weeks of age, a slight but definite jaun- 
B of the skin and light coloied stools were present, further, that on March 2, 
er a course of calomel, the jaundice became very deep and the stools clay- 
ored The child steadily lost in weight, falling from 7 4 pounds to 6 1 pounds 


mm the Clinic and Lahoiatory of the Montreal General Hospital, read 
‘ the American Association of Pathologists and Bacteriologists at the 
.th 4i^al Meeting, Chicago, 111, April 14, 15, 1911 
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on March 2, the date of its^discharge On Mai eh 8 the mother first saw it again 
and noted the deep jaundiced hue to the skin and scleraj About March 14, 
when the baby was five weeks old, the mothei first noticed that the urine was 
very dark in coloi, and that it stained the diapers and eveiything with which 
it came in contact a deep yellow The bowels became loose with from four to 
five colorless and offensive stools in the twenty-four hours At the same time 
vomiting developed Fiom March 2 to the date of admission to the hospital, the 
child had been fed on cow’s milk diluted with equal parts of water It' was 
brought to the children’s clime on March 24 when a diagnosis of icterus neona- 
torum, due probably to syphilitic hepatitis, was made It was sent into the 
hospital in the service of Di Finley, to whose courtesy we are indebted for sub- 
sequent observation and study of the case 

Physical Examination — The patient was a veiy pooily nourished, male 
Hebrew child six weeks of age The weight on admission was 7 pounds, 6 ounces 
(3,300 grams) Ihe expiession was anxious and the child was fretful to a 
degree There weie no snuffles or other luetic stigmata The skin was deeply 
jaundiced and of a distinct coppery hue that offended the eye Scattered over 
the skin of the thorax was a fine miliary rash The sclerie were deeply jaun- 
diced The muscles were small, the bones normal The anterior fontanelle was 
still widely patent The Ijraph-glands w'ere nowhere palpable 

Respiratory System Theie was frequent cough but no dyspnea The thorax 
was small and of the noimal infantile type Ho beading of the ribs was found 
The percussion note was resonant throughout The breath sounds were puerile, 
but the presence of adventitious sounds was impossible to determine owing to 
the constant crying of the child on examination The heart was not enlarged 
and the sounds were clear The pulse was rapid, small, regular and of normal 
tension 

The abdomen was full and rounded The superficial veins were everywhere 
prominent, especially while the child cried, and there was a slight but definite 
anastomosis visible between the lower thoiacic and supeificial epigastric veins 
on either side 

Tile liver Avas considerably enlaiged but the surface appealed smooth and the 
edge thin and firm The upper border of the relative hepatic dulness began at 
the fourth rib in the right parasternal line, the fifth rib in the mid axillary line, 
and extended beloAV the costal border 5 cm and 3 5 cm respectively, making a 
total vertical dulness of 9 5 cm 

The edge of the spleen could just be felt at the costal border 
The urine Avas deeply bilious, almost porter colored, and gave the Avell-marked 
characteristic rings with fuming nitric acid The stools Avere very offensive, 
perfectly colorless and in this and in their peculiar consistency, resembled white 
lead 

Course of Disease — On March 26, 1910, a blood count levealed hemoglobin 
50 per cent (Sahli) , red cells 3,910,000, Avhite cells 15,800 The smears stained 
by Wright’s method showed normal red cells Avitli a preponderance of poly- 
morphonuclear neutrophils and no pathological cells A Wassermann reaction 
on this date Avas reported absent by Dr E P Campbell Nevertheless, the thera- 
peutic test of a course of mercurial inunctions was given Avithout benefit 

For the first ten days the temperature ranged betiveen 98 and 99 4, the 
pulse betAveen 112 and 136 and the respiration 48 to 60 pei minute From 
April 1 to the day of the child’s death, on April 18, the temperature curve Avas 
most iriegular, ranging betAveen 97 and 101 The pulse grew more frequent, 
namely, 120 to 138 per minute, Avhile the respiration fell to 40 or less per minute 
The child cried constantly day and night but took its nourishment, consisting 
of modified milk, fairly Avell 

On April 9 it was noted that even AAith careful regulation of the diet, the 
child AAas steadily failing The lungs Aiere apparently clear, though there Avas 
a frequent hacking cough present The jaundice persisted and did not vary 
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TEE ARCHIVES OP INTERNAL MEDICINE 


The kidneys weighed 45 gm , both weie smooth, dark led in color and of 
normal contoui The capsules peeled off easily On section the cortices and 
pyramids were normal The adrenal glands and genital organs were normal The 
hone marrow appeared normal 

The hi am weighed 440 gm and presented no apparent lesion The anatom- 
ical diagnosis was congenital obliteration of the bile passages , rudimentary 
gall-bladder, bronchiectasis (local), fibrinopuiulent pleurisy and icterus 

Mtcj oscoptcal ExaminaUon — Sections were stained with Scharlach red, 
Malloiy’s connective tissue, phosphotungstic acid hematem and the eosin- 
hemato\ylin methods 

The heart was quite negative 

A section fi om the noi mal appeal ing portion of the lung showed moderate 
injection of the alveolar capillaries The vessels and bionchi were negative 
Occasional groups of alveoli contained a few polymorphonuclear leukocytes and 
desquamated epithelium Sections from the right lower lobe were riddled with 
cavities, mostly ciicular in outline, and containing puriform material and sep- 
arated from one anothei by narrow zones of flattened alveoli filled with exudate 
In many of these cavities portions of the periphery were bounded by columnai 
epithelium Some of the small cavities were completely surrounded by cuboidal 
cells, a few of which showed ciliated bordeis In most instances the border of 
these cavities was sharply demarcated and occasionally showed a definite line 
suggesting the basement membrane of the bionchus By the use of Mallory’s 
connective-tissue stain, smooth muscle fibeis were occasionally found external 
to the line bounding the cavity, which was further evidence that these cavities 
were bronchiectatic in oiigin The contents of the cavities were composed chiefly 
of polymorphonuclear leukocytes and cell detritus There were numerous phago- 
cytic cells containing nuclear remains and, larely, red-blood corpuscles Where 
the boundaries weie poorly defined and the adjacent alveoli merged in the pun- 
form area, there were occasional compact masses of eosin stained material filled 
Avith migrating leukocytes and nucleai fragments, remotely suggestive of caseous 
material Stains for tubercle bacilli, however, yielded negative results The 
alveoli between the puriform areas weie compressed and many contained pus, a 
few fibrin and a few large, sponge-like, mononuclear cells All of the bronchi in 
these sections were filled ivith puriform material The blood vessels were nega- 
tive The interlobular connective tissues were edematous 

The liver was moderately injected The normal area of the liver columns 
was preserved, but there was a distinct loss of cells and increase in the con- 
nective tissue about the hepatic veins and a fairly marked inciease about the 
portal spaces Tlie li\er cells themselves stained normally At the centers of 
the anatomical lobules, the bile capillaries were filled with dark brown inspissated 
bile and were often greatly distended oi ruptured There were masses of bile 
lying outside the liver columns, some of which were taken up by endothelial 
cells In most lobules there was a considerable increase of connective tissue in 
the spaces foimerly occupied by liver cells and now containing pigment and 
phagocytic cells The cells of the intermediate zone were normal, except for a 
small amount of pale, brown, granular pigment scattered throughout the cyto 
plasm At the periphery of the lobules there was often an ii regular increase of 
the connective tissue extending inward from the portal space between the liver 
columns and sinusoids Many of the portal spaces contained a large number of 
tortuous bile ducts, empty of bile The bile capillaries at the periphery of the 
lobules were easily demonstrable, but were also empty Most of the large bile- 
ducts in the portal spaces showed no evidence of dilatation and contained a cir- 
cular reticulum only, rarely a dilated bile duct was found filled with inspissated 
bile and lined with flattened epithelium Ko fat could be demonstrated 

The spleen showed moderate injection The Malpighian bodies were normal 
The pulp contamed a few large mononuclear cells, phagocytic for red-blood 
corpuscles 
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The kidneys were markedly injected The glomeiuli were of the normal fetal 
type The epithelium of the con\oluted tubules was sivollen and granular 
There was an occasional hj'alin cast in the collecting tubules The adrenals and 
other organs were noimal 

The histological diagnosis was bronchiectasis of the lower lobe of the right 
lung, hepatic cirihosis of a mixed type, subacute nephritis 


II ETIOLOGY AND SYMPTOilATOLOGY 

Historical Note — For many years icterus neonatorum was lecognized 
before it was realized that a certain small percentage of these cases was 
associated with malformations of the biliary tract From time to time 
isolated examples have been reported of icterus developing at birth or 
shortly afterward, which was found post moitem to be associated with 
stenosis or even complete obliteration of the hepatic, cystic or common 
ducts John Thomson,^ in 1892, was the fiist writei to assemble the 
various cases in the literature He was able to collect forty-nme protocols 
and wrote a classical article which has formed the basis for most of the 
subsequent leviews In 1901, H D Eolleston and L B Hayne- added 
nine cases to Thomson’s senes, bringing the total to fifty-nine The last 
impoitant aiticle was published in 1908 by Lavenson,® who abstracted 
sixty-two acceptable cases and added a case of his own 

We have succeeded in finding thirteen additional cases, which either 
have been overlooked by Lavenson (e g, Kiimisson and Hebert,^ Cat- 
taneo,® Demel,® Bushnell,’’ Emanuel,® Simmonds,® [two cases]. Miller^®) 
or have appealed since his paper (Parkes Weber,^^ Peck,^- Petit and 
MeileJ® M and E C Feriard^^) 

This now brings the total number of cases of congenital obliteration 
of the bile-ducts to seventy-six, inclusive of ours and exclusive of those 
directly associated with syphilis (Eolleston,^® Simonini^®) 

Predisposing Factois — 1 Health of Parents Some minor role may 
be plajed by the health of the parents prior or subsequent to conception 
Thomson found that of ninety-six parents, five had had at one time oi 
another, syphilis In others, again, there was a history of recent severe 
digestive derangement (e g, Ferrard^^) In our case, while no definite 
history of lues could be elicited, it is notewoitliy that during the ^ 
married life of the mother, there was a miscairiage at the fourth month 
that the second child, though born at full teim, died three weeks after 
birth, and that the third pregnancy did not occur until seven years later 
S Condition of Otter Otildren in the Family Several an hors have 
noted a tendency for more than one child of the f 
icterus, two authors reportmg two cases in the same ^ j ^ 
with a defect of the bile-passages Agam, 
both of whom were jaundiced but one recovered so that the 

its bile-passages was not ascertained 



562 THE ARCHIVES OF INTERNAL MEDICINE 

3. T1i 6 Character of Labor This has been for the most part entirely 
normal, at least no history of excessive trauma has been noted in any 
of the senes With Thomson, we admit that trauma or exiiosure at 
the time of biith might cause a local peiitonitis and so, obliteiation of 
the ducts 

4 Premature Biith This plays no role, foi, though it was found five 
times m Thomsons senes, in all of the five 3aundice did not develop 
until some time subsequently 

5 Sex Curiously enough, male infants seem more predisposed than 
female, but in so small a senes too much emphasis should not be laid on 
this factoi 

6 Congenital Syphilis Six, possibly nine of Thomson’s series 
presented evidence of congenital lues at birth or shortly afteiward In 
our case there were no appaient stigmata and the Wasseimann reaction 
pioved negative Hence, it is safe to say that m the majority of eases 
there is no sign or suspicion of lues 

7 Erysipelas This, which has been suggested by one or two writeis 
as a possible predisposing factor, can be dismissed without fuithei 
comment 

Symptomatology — 1 Onset of Jaundice The period of the onset 
of jaundice varies considerably In some cases the icteius is noticed on 
the day of birth, in others not until the child is 2 weeks oi more old 
Naturally, theie aie many possible sources of eiror for such discrepancies 
as, for example, the jaundice may be veiy faint at birth and will only be 
noted when it becomes of a certain intensity With Eolleston we cannot 
accept Treves’ lemarkable case in which the onset of the jaundice did not 
occur until the third year of life and in ivhich a successful operation foi 
the relief of the obstruction was performed at the age of 17 As Eolleston 
suggests, the obstruction was in all piobability due to calculus or some 
postnatal infection of the duct At least one must admit that some event 
at birth plays a part in determining the onset of the color Legg and 
Murchison believe that twelve to foity-eight houis must elapse befoie 
obstruction of the bile-ducts and the appearance of the jaundice oetur 
“The enoimous change which the circulation of the livei undergoes about 
the time of birth constitutes the most piobable explanation of the relation 
between the onset of jaundice and that event ” So even if one accepts a 
congenital malformation as the cause foi the obliteration of the ducts, one 
can explain the lapse of time between the birth and the peiiod of onset 
of the jaundice by the fact that the cells of the child’s livei which had 
long ceased to secrete bile owing to the permanent blocking of the ducts, 
are stimulated by the sudden change in the ciiculation to letuin to their 
natural function of bile production 

2 Character and Progress of the Jaundice The icterus is always 
progressive and sooner or later becomes marked, being of a deep greenish 
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hue — in our case of that peculiar coppeiy tint that is actually offensive 
to the eye Sometimes the degree of jaundice appears to vary from day 
to day and in some cases it becomes paler before death It is a curious 
fact, howevei, that even when one duct is pervious, the 3 aundice may be 
as deep as in a case with complete occlusion 

3 Urine The mine is always said to contain laige quantities of bile 
pigments except in one case repoited wheie none was found present 

4 Meconium In some cases it was colored and in others quite white, 
due, no doubt, to the fact that the occlusion of the ducts occurred at 
different periods of mtra-uteime life In no case was a dark meconium 
followed by normal-colored feces, even if the icteius did not develop until 
much latei Hence one may conclude that the biliary obstruction is 
always considerably advanced at birth Further, from this it would 
appear that the obliteration of the ducts is not due to an arrested develop- 
ment, though there mav be a very early obstruction to the lumen of the 
biliary passages 

5 Stools The color of the stools will vaiy with the degree of obstruc- 
tion , thus, where the obstruction is not complete the stools may be green 
or blown Where, however, the obstruction is extensive, the color varies 
from white to cream and in one of the reported cases and in ouis, 
resembled white lead In certain of the cases in which there was found 
post mortem complete obstruction, the stools were noted to have a greenish 
tinge The possible explanation of this gieen color is first, a mixture 
of the stool with bile-stained mucus , second, the result of the administra- 
tion of mercuiy which notoiiously produces green-colored stools, and 
third the influence of microoiganisms 

6 Vomiting This seems of rare occurrence and was noted m but a 
small percentage of the cases in the literatuie — 18 per cent in Thom- 
son’s series It was rather a prominent feature in our case, especially in 
the terminal stages 

7 Hemorihages The occurience of hemorrhages into the skin and 
conjunctiva; or from the mucous membrane of the nose, gastro-intestinal 
tiact, and fiom the umbilical cord, has been noted in nearly 50 per cent 
of the eases It was absent in ours This hemoirhagic tendency is 
similar to that piesent in all cases of obstructive jaundice in the adult 
and IS always a serious omen but not necessarily fatal m its- results The 
cause of it is obscure but several possible explanations have been advanced 
First, an impoverishment of the blood, that is, a diminution in the ratio 
of led blood-cells to the fibiin content, second, hemolysis of the led cells 
by the biliary acids circulating in the blood , third, parenchymatous degen- 
eiation of the blood-vessels similar to the change that occurs in the glands 
and muscles as a result of the bile acids , and fourth, the presence in the 
blood of ptomains formed in the process of digestion which the diseased 
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livfir IS unablG to rGiidGi iniiocuous Thomson discaids ths hrst thiG6 
possibilities and accepts the fourth as the most plausible 

8 Emaciation Contrary to what one might expect, this is not an 
early symptom, which, as Thomson suggests, shows that the presence 
of bile is not very necessary for ordmary digestion If, however, the 
child lives long enough, emaciation will develop, due to the secondary 
hepatic changes and consequent mterference with the proper assimilation 
of fat, and other important functions 

9 Duration of Life If one excludes the patient who died from 
umbilical hemorrhage — a not uncommon accident in these cases — the 
majority lived more than one month after birth One only was still-born, 
eleven lived less than a week, eight lived one to four weeks, and fourteen 
lived from one to four months and sixteen more than four months after 
birth Our patient, who lived ten weeks, is, therefore, not remarkable 
in the duration of life in spite of the extensive obliteiation of the biliarv 
tracts Lavenson found in his series of sixty-two cases that only three 
patients lived longer than eight months — two until the ninth and one 
until the eleventh month 

III GROSS AND MICROSCOPICAL ANATOMY 

Ascites was pronounced m two of Thomson’s series while peiitoneal 
adhesions were found in five others The liver was generally but not 
alwavs increased in size One case of an atrophic liver was noted The 
color was usually dark green and often of a peculiai morocco-leathei 
appearance, owing to the dark green color and the finely gianular suiface 
The consistency was tough, suggesting the presence of an increased 
amount of fibious tissue The portal vein and vessels weie nprmal except 
in four cases which weie probably luetic in origin, and in Mhich there was 
obliteration of the portal vein 

The condition of the bile-passages and gall-bladder can best be 
desciibed under four groups In the first group there was no passage 
from the liver to the duodenum, though the gall-bladdei and cystic duct 
were patent In the second group a passage was present from the livei 
to the duodenum but no cystic duct oi anjrthmg to represent the gall- 
bladder In the third group both cystic and hepatic ducts were obliter- 
ated Our case would be included in this division which is, by far, the 
commonest In the fourth group theie was obliteration at a variable 
point below the juncture of the cystic and hepatic ducts 

There is a great variety in the secondary changes in the external 
excretor}'- apparatus and there appears to be no relationship between the 
presence of jaundice at birth and the nature of the malformation Thus, 
the most severe malformations occurred in cases which lived for several 
months A dilatation of the canal above the point of obliteration was not 
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jn\anab]y piesent but may exist to an enoimous extent (e g, Millei's 
case^*^) The obliteiated duct maj leinain as a fibious coid or entirely 
disappeai If the gall-bladdei exists, its contents vaiy fiom a peculiar 
thick, syiupy bile to a cleai iiateiy fluid The latter is true if the child 
has lived more than a month 

In Thomson’s senes the spleen vas usually found enlarged, as vas 
obseived in ten of tuehe cases in which its condition was noted Some- 
times it was veiv large 



Fig 1- — ^Low-power -view showing intialobular and perilobular connective 
tissue increase The small black aieas in one poital space aie inspissated bile in 
bile ducts 


Histological Anatomy — A microscopical examination was made in 
but nine of the eailiei cases, in all of which, however, a hepatic ciiihosis 
was piesent, while masses of inspissated bile veie noted in the ducts and 
liver-cells In the moie lecent cases a more oi less complete histological 
stud) has been made The chief point of interest is that at autopsy at 
least, the livei shows a nioie oi less advanced eiiihosis ot the mixed t3pe 
vith the biliaiy einhotic featuies piedominating The detailed picture 
IS veil illustiated b) oui protocol 
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IV PATirOGEIfESIS 

This IS one of the moot questions in the liteiatuie of this subject 
Thomson, Eolleston and Lavenson, as lepiesentatives of the most distinct 
views, will be most fieely quoted by us As pointed out by Lavenson, 
one can divide the theoiies advanced into two classes (I) that which 
consideis the disease as a piimaiy involvement of the ducts, (11) that 
which consideis it as a piimaiy involvement ol the livei, i e, a ciiihosis 
1 The Theonj of a Piimauj Involvement of the Ducts — In suppoit 
of the view that the obstiuetion of the duct is the piimaiy condition and 
the ciiihosis the lesult of the ensuing biliaiy stasis, Lavenson advances 
the following facts 



Eig 2 — ^Higli po«er view, showing prohfeiation of bile ducts in a poital space 

First, in both adults and children biliaiy stasis results in the same 
chain of events and the same pathological findings as aie present in the 
cases under discussion 

Secondly, Steinhaus, Pick, Lannaeq, Geihaidt, Beloussow, Hailey 
and Tsunoda-^ have shown expeiimentally in animals the same changes 
in the livei as aie found in cases of biliaiy stasis in man 

ITndei this head the possibilities to be considered are (1) an anomaly 
of development, (3) organization of a non-specific inflammation either 
within 01 without the ducts, (3) syphilis 
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1 The Tlieoiij of Congenital Malfo) /nation — This tlieoiy oiigmally 
was siippoited by Thomson,^ who believed m a piimaiy congenital maltoi- 
mation of the duet which lesulted m nan owing ot the lumen and piedis- 
posed to a cataiih, and so to a blocking and finally caused the complete 
obstmction of the duct This, in tuin, led to a biliaiy eiiihosis of the 
iivei He believed that the obliteiation was usually complete at an eaiiy 
peiiod of mtia-uteime life He pointed out that the appeal ance of 
3 aundice in seveial membeis of a family supported this congenital develop- 
mental tlieoiy and explained the fact that when the onset of jaundice was 
not contempoianeous with the blocking of the duct (i e, did not occur 



Fig 3 — Medium power view of one anatomical lobule, showing cential inciease 
of connective tissue and distended bile capillaiies 

until seveial days aftei bnth) it was due to eiiculatoiy change^ that 
occuned in the livei at biith 

Webei believes that some cases of congenital obliteiation of the bile- 
ducts aie due to a piimaiy developmental malfoimation similai to that 
m congenical valvulai disease of the heazt But in anothei paragiaph” 
he wiites ‘These congenital changes ueie doubtless paith inflammatoi} 
in oiigw and as usual ueie unaccompanied b} congenital defects else- 
where m the body ’’ 
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BushnelF and Simnionds“ suppoit this view of an eiroi of develop- 
ment Buss and Boye also “believe that the absence of any cystic enlaige- 
ment of the gall-passages and the enoinious h}peitiophy of the hvei- 
tissue speak lathei foi a developmental eiioi The livei changes may 
be secondaiy to bile stagnation, analogous to the expeiimental eiiihosis 
fiom constiiction of the common duet” But they also admit “anothei 
possibility IS a piimaiy livei disease which descending pioduced an 
oblitei ation of the ducts ” 



Fig 4 — High power view of centei of Figuie 3 Shows atiophied livei-cells 
and inspissated bile in the connective tissue Iluptuie of the bile capillaiies and 
atiophy of the liver cells aie the piobable factois leading to the libei ation of the 
inspissated bile 

Thomson’s original theoiy was earned still furthei by Lavenson,® 
who believes that the atiesia is piimaiy and that the ciiihosis lesults 
from the biliaiy stasis He states that the fibeis of Eenak (the offshoots 
fioin the embiyonic solid coid that buds out of the piimitive gut to form 
the liver and hepatic ducts) remain solid instead of developing a lumen 
as they do noimall} Another possible explanation is a faulty union of 
the two ludiinentaiy poitions of the ductus hepaticus and ductus choled- 
ochns This leceives suppoit in a certain pioportion of the cases m wBich 
file oblitei ation is found at the point of union of these two poitions 
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Fmtheimoiej the occuirence of othei imclonbted anomalies of the 
li\ci and its appendages (e g, entiie absence of the gall-bladdei , cystic 
diictj caudate and Spigelian lobes^, transposition of the poital vein and 
aitei}‘) and occasionally congenital defects in othei portions of the body 
(e g, <5itus mveisus/^ cystic liver and kidnejs, patent ductus Botalli/ 
and even absence of light hand and ulna) “lead one to believe that a laige 
percentage of the cases aie a result of a congenital defect of devel- 
opment” Fuithei, Lavenson considers that “the term 'atiesia of the 
bile-duct’ bettei expresses the existing condition than “"obliteiation of the 
bile-due cs ’ ” 

Though, as ive shall see in the next paiagiaph, Thomson lepudiated 
fni a time the theory of congenital malformation m his last aiticle-® he 
has adopted again his original doctrine and wrote “I am inclined to 
return to the view I foimeily held as to a lelative narrowing of the bile- 
dutts of deielopmental oiigin being piobabl} the primaiy cause of all 
the other changes ” 

2 0) [janizalion of a Non-Specific Infiamniation of the Ducts — In 
Ills second aiticle/® Thomson admitted if the obliteiation were due to an 
atiest of development, the foimei would occur at the same site in the 
ma]oiity of cases This is not the case The same would be true if it 
Mei“ due to a local stimulus within the tube like a calculus, for example, 
as u as found in two instances He therefoi e advanced another sug- 
gestion namelv, that iiiitative substances which weie present in the bile 
set up a descending cholangitis which resulted in inteifeience with the 
passage of the bile and finally in biliary ciirhosis just as occuis in animals 
in which the common duct is tied 

tFe quite agiee with Lavenson when he states that the pieexistence 
of a non-specific inflammation is impossible to either deny oi affiim, 
for when the case comes to autopsy the acute pi oeess is replaced by fibroid 
changes not chaiacteristic of anj^ form of inflammation Her ei tireless, 
the lelative infrequency of a tiue catarrhal jaundice m infants is against 
this theoiv 

Obliteration of the ducts fiom without bv adhesions lesultmg fiom 
a fetal peritonitis may be the cause of a ceitam number of these cases 
according to both Thomson^ and Eolleston The foimei found in five 
of his senes, peiitoneal adhesions present in the neigliboiliood of the ducts 
implicating tlie blood-vessels, and belieied that peritonitis is a common 
occuirence in fetal life, though he frankly admits it is most often due to 
siphilis It seems moie piobable, however, that the peiitonitis is a lemlt 
and not the cause of the obliteiation of the duct 

3 Syphilis — Petit and Merle^^ regard the process not as an airest 
of development but as an inflammatoiy degenerative piocess of the biliary 
tiaet in intra-uteime life, probably sjphilitic in origin in spite ot the 
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absence of a liistor} of lues Ibej’- teim this condition fetal angiocholitis 
M and E C Feiiaid^'* also suppoit this view and make use of the same 
tf ! m 

'While one must admit that congenital luetic hepatitis and choledo- 
chitis may simulate the disease iindei discussion (e g. Beck, Eolleston^' 
and Simonini’^®) the absence in the lattei of the niimeious definite stig- 
mata of syphilis and the Wasseimann leaction make this theory untenable 
11 The Theonj of a Piimaiy Congenital Cinhosis — Eolleston put 
foiwaid this hypothesis and advanced in suppoit the following facts 
A The almost constant occiiiience of ciiihosis in these cases in 
infancy as compaied uitli the raiity of ciiihosis of the livei following 
obstiuction of the bile-ducts in latei adult life 

B The large size of the hvei which resembles the livei of bibaiy 
hipertrophio cirihosis In adults, on the other hand, simple obstruction 
of the bile-passages causes at fiist an enlargement of the livei and subse- 
quently atrophy 

C The large size of the spleen in the infant a phenomenon not 
encountered in the uncomplicated biliaiy ob*stiuction of the adult 

B ‘'The fact that in some instances several cases of this raie disease 
have occurred in the same family 

To explain the oecuiience of the biliary ciiihosis in the new-boin 
child, he writes that "poisons pass by the blood from the placenta to the 
fetu=? bv the umbilical vein Some of this toxic blood produces ordinary 
portal 01 multilobular cirrhosis Some of the blood, however, passes 
directly into the general cnculation by means of the ductus venosus, hence 
by the hepatic artery to the livei where it will set up in the small intra- 
hepatic bile-ducts a cholangitis and monolobulai ciiihosis resembling 
that seen in hifpeitiophic biliary cinhosis In this way both a portal 
and biliary or what is termed a mixed cirrhosis is produced This cholan- 
gitis descends to the larger ducts How, as the bile-ducts are extremely 
small at birth, any inflanrmatoiy changes will, on account of the small size 
of the lumen, produce a stenosis much more readily than in later adult 
life He not inaptly compares tins descending obliterative inflammation 
of the larger extralrepatif ducts with the processes at work in an obliter- 
ative appendicitis 

Eolleston fiankl}^ admits that against this theory is the unanswerable 
fact that the poisons which cause the condition in the liver of the child 
must ciiculate in the iirotliei, and that she should show evidences of its 
influence He fuithei lemaiks that it is possible that theie are several 
conditions at present included undei tire title "congenital obliteration of 
the duets,” and that some cases are due to constriction of the duct by a 
localized peritonitis and deserve the title of "congenital obliteration of 
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the '■liieis” bettei than those cases which aie intimately associated with 
ciiihosis Emanuel,® among otheis, snppoits this theoiy because of the 
fact that theie was a fibiosis of the pancieas in his case without much 
secondan involvement of the panel eatic ducts, in othei words, theie was 
a to\ie fibiosis of the livei, spleen and pancieas 

Lavenson stionglj attacks Eolleston’s vieus and meets each aigumeiit 
by a countei one 



Fig 5 — Obhtei.ition of tlie bile ducts 


A Thus he points out that the statement that eiiiliosis following 
biliaiy obstiuetion m the adult is laie, cannot be accepted in view of the 
fact that Mangelsdoif" and Eoid weie able to collect lepoits of some 208 
eases and that no doubt manj cases oecui and aie not leeoided Fuithei, 
La^cnson asks why, if Eolleston’s contention be hue, is not bihaiy 
obstiuetion moie common in Hanot’s ciiihosis of adults^ Anotbei 
impoitant point is that Laienson found that in twent\-tour of si\t}-tuo 
eases the obstiuetion uas in the duodenal poition of the bile-duct uhile 



572 


THE ARCHIVES OF INTERN iL MEDICINE 


the hepatic poition was patulous Lastly, some patients who died shoitly 
aftei biith showed only the eailiest stages of ciiihosis because the biliary 
stasis had not existed long enough 

B Lavenson admits that in the condition undei discussion, the liver 
IS laige "just as it is in Hanot’s biliai}' ciirhosis, but it is also tiue of 
cirrhotic liveis following biliaiy obstiuetion in adults, and quotes the 
following “The liveis in these eases of obstiuctive ciiihosis are greatly 
enlarged with a lough jaundiced suiface and considerable perihepatitis 

C To conti overt this point he cites, from JRolleston’s text-book in the 
section on ciiihosis from biliaiy obstiuetion in adults “The spleen is 
sometimes small oi of noimal size but in cases wheie consideiable fibiosis 
of the livei coexists with obstiuetion of the laigei ducts, there may be a 
considerable enlaigement (of the spleen), though not to the same degree 
as in hj'pertrophic biliaiy eirihosis ” 

T) Lavenson would accept onl}’' Binz’s cases as examples of the disease 
occuiring in the same family He rejects the other cases on the grounds 
of insufficient data (West’s two cases, Thomas, Aikwiight, Bloomfield-® 
and Peaison) Lavenson concludes with the remark “There is little oi 
no support of the view that the obstruction is secondary to the cirrhosis ” 

The uriteis agree with Bolleston,- Griffith-^ and Peck^- that there is 
probably some truth in all the theoiies advanced, some eases may be due 
to an anomaly of development, others to a simple inflammation of the 
duets, and still others to a primary congenital ciiihosis Ho one theory 
will suffice for all the cases reported under the title of “congenital obliter- 
ation of the bile-ducts ” 

V DIAGNOSIS 

1 Simple Icteius Neonatoium — This condition is of relatively fre- 
quent occuirenee and was present, according to Holt in 300 of 900 con- 
secutive births at the Sloane Maternity Hospital The intensity of the 
jaundice is usually slight and it rarely persists even in the most severe 
cases for more than two weeks Furthermore, the color of the stools 
remains unaltered and, as a rule, the skin of the child even in the absence 
of treatment, soon returns to a normal color 

2 Congenital Syphilitic Hepatitif, — In this condition, apart from the 
presence of other luetic stigmata in the child or the history in one or the 
other parent of a venereal infection, there may be a great enlargement of 
the liver and occasionally ascites, but jaundice is rare and then usually 
verj'^ slight in character Post mortem, there is found a great liability 
to an obliteration of the portal vein 

3 Septic Jaundice — This may exist in association with phlebitis of 
tue umbilical vein This is a severe and ver} fatal form in which hemor- 
rhages fiom the cord are the prominent feature 
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4 The Iciene SpUnomegahqve of the Fiench — Ihis laie cli?LasG 
ocenis m oldei chilclien and is associated with a gigantic spleen, ascites, 
marked enlaigement of the abdominal leins, deep jaundice, clubbing of 
the flngeic, and stunting of the general giouth 

VI TREATMENT 

Medicinal tieatment is ceitainly lalueless Calomel, giai powdei and 
saline puigatives have been tiled bj’’ all but, naturally, without success 
Surgical pioceduies cannot oftei much hope except in those cases m which 
the obstiuction is incomplete and confined to the louei oi duodenal end 
of the ducts In such cases a union between the patulous portion of the 
duct and some loop of the intestine might be piocuied Giese, J L 
Morse and Muiphy,-® and Putnam have lepoited cases in vhich opeiative 
measuie'j weie tiied but Muthout success 
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DUODENAL DIAGNOSIS X-RAY CONSIDERATIONS 

A TECHNIC EOR FLUOROSCOPY ’ 


E H SKINNER, MD 
KA^SAS Cir\, HO 

The estimation of gastio-intestinal patholog}'^ is being placed on a 
safei basis than subjective symptomatology The stomach may be the 
baiometei of digestive function but not so fiecjuently the site of the 
pathologic conditions Mayo^ says that ‘The stomach has been ciedited 
with a host of diseases which it nevei possessed and has leceived an 
amount of tieatment for supposititious conditions that is little eiedit to 
the medical piofession These mistakes have been due mainly to funda- 
mental misconceptions of the function of the stomach, its relation to 
diseases in general and especially to those of the digestive tiact Mistakes 
in diagnosis aie more often the result of lack of e\amination than a lack 
of knowledge Piolonged laboiatory examination and investigation has 
been pioductive of much haim A scientific but deadly delay ” 

The primal y etiological factoi in duodenal ulcei is as obscure as that 
of gastric ulcei Predisposing conditions and contributory causes depend 
on interference with normal function in the duodenum and are of wide 
latitude Mechanical and chemical causes are dependent on the motility 
of the stomach and duodenum and on alterations in the pyloroduodenal 
anatomy Most duodenal ulcers aie found at that point which receives 
the impact of the acid chyme as it is ejected from the pylorus The duod- 
enal preference is an alkaline leaction, and the foicible mechanical con- 
tact of chemically disagreeable ejecta could do much to bieak down a 
normal or weakened resistance The control of the pylorus is extremely 
delicate at the best The rate of the pyloric outflow is governed by the 
lapiditv with which the ejected acid chyme is neutralized by the alkalinity 
of the duodenal secretions The presence of acid in the pyloiie anti urn 
promotes the opening of the pylorus, but the presence of this acid content 
m the duodenum immediatelj causes the pjlorus to close The pyloiie 
function IS moie undei the contiol of the duodenum than the stomach 
(Mayo) 

The greater frecpiency of duodenal ulcei in men may be dependent on 
the tact that the first oi ascending portion of the duodenum is higher in 

*From the Ridiologicil Depaitment of the Kansas Citv General Hospital 

1 Mayo, W J Diseases of the Stomach and Duodenum fiom a Suigieal 
Standpoint, St Paul Med Jour, 1011, "viii, 1, Ulcei of the Duodenum, Join 
Am Med Assn , 1908, li, 550 



E H SKINXEli 


575 


men than m ’^romenj so that the alkaline secietions do not leaeh oi use 
as high to neiitiaiize the acid chjme iiith physiological lapidity Duod- 
enal iilceis nsiially occm aboie the bile-diiets, aie single and on the iippei 
ciicmnfeience, and aie moie Iikelv to involve the p) loins and stomach 
than to piogicss in the opposite diiection 

The hist 01 supeiior poition of the duodenum may be legaided as a 
physiological pait of the stomach The similaiity in the symptoms of 
gastiic and duodenal ulcers also ivaiiants this new Both Schwarz- and 
Holzknecht,^ by the use of the fiuoioscope and bismuth suspensions, noted 
that the food when ejected fiom the stomach remained for some little time 
in the supeiioi oi fiist pait of the duodenal segment before advancing, 
at a comparatively lapid late, thiough the remaining duodenal canal 
Holzknecht calls this hist duodenal segment the Fuffenaum oi teasing- 
loom By’’ the fiuoioscope he finds that this poition has no peiistalsis 
noimallv It acts like a stoi age-room foi the chy’me as it is ejected fiom 
the pyloius by the peiistalsis of the antium It can hold quite an amount 
of chyme and does not lapidly pass this on unless its capacity is taxed, 
when it permits the suiplus to be passed on in small com-sized masse« 
These masses noimally aie not shaiply dehnecl by the fluoroscope but 
they may be distinguished as small masses, not neaily as large as the 
lumen of the duodenum, and they follow one anothei every few seconds, 
lesting momentaiily at intervals 

Consideimg that the hist pait of the duodenum has piactieally the 
same functions as the caidiac poition of the stomach, that of a reseivoir, 
we may’’ apply the piinciples of gastiic fluoioseopy to duodenal diagnosis 
It IS easiei to obtain huoioscopic mfoimation legaiding the late patho- 
logical changes produced by duodenal ulceiations, such as stiictures and 
stenoses, dilatations, diverticula and houi -glass duodenums In these 
late manifestations of pathology the bismuth suspensions cast chaiactei- 
istic shadows, the stiictuies and stenoses pi event the rapid oi noiraal 
prog] ess of the bismuth, and it dams up accoiding to the degiee of the 
stenosis or dilatation If the dilatation is not dependent on a stenosis 
but meiely is due to a lack of tonicity in the musculature, we would note 
a taidv piogiess of the bismuth thiough the dilated poitions, and the 
distinct line oi contracted aiea of a stenosis would be absent In dnei- 
ticula the pocket might become filled with the bismuth and so demon- 
stiated as an abnoimal shadow without the lumen of the duodenum but 
contiguous thei eto In all these late oi chionic diseased conditions, it 
IS not necessaiy but it is advantageous to employ special means of hlling 
the duodenum with bismuth emulsions oi suspensions Bismuth and 
watei pass rapidly thiough the pyloius of a fasting patient, and uith 

2 Schvaiz Beil khn Wcluiselii , 1908 Xo 21, Ab^ti in Fort-clir t d 
Geb d Eontgenstnhlen, 1908, \n, 435 

8 flol/knecht Deutscb Ztscbr f Cbn , 101], c\ 54 
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even a mild degiee of p}loiie spasticity oi physiological closuie of the 
pyloius, the suspension would fill up the duodenum befoie the duodenal 
pathology permitted the passing ot such suspensions beyond It is in 
the acute spasmodic functional distuibances of motility that the artificial 
filling of the duodenum is necessaiy 

Tins aitificial filling may be accomplished by using a Gioss duodenal 
tube, which is a small lubbei tube tipped with a small ball Foi this 
fluoroscopic examination it is necessaiy to substitute a lead ball for the 
aluminum one that Gioss fust devised, so as to obtain an image by the 
Eoentgen ray The patient swallow^ the ball and tube^ it passes the 
pyloius and then the bismuth suspension is ponied directly into the duo- 
denum, as theie aie small holes foi the exit of the fluid, yust above the 
small ball 

Barclay* has fieqiiently noted bv oidinaiy fluoioscopy that a shadow 
ivhich is separated iioni tlie pyloius peisists bey'ond the pydorus and 
remains uninfluenced by the stomach peristalsis There was usually a 
normal stomach shadow but a violent peristalsis The pylorus opened 
more frequently and the gastric contents passed more rapidly, so that the 
stomach emptied itself in a shoit time, perhaps in one-half hour IVhen- 
evei he found this normal stomach shadow wuth excessive peristalsis 
passing the food rapidly, be consideied it diagnostic of duodenal ulcer 

Distention changes in the duodenum and small intestines may be due 
to obstruction of the ileum The obstruction of the ileum may be due 
to kinks produced by its mesenteric attachments, oi to an anchored appen- 
dix, or to the iveight of a loaded cecum which lessens the lumen of the 
ileum as it passes over the pelvic brim Lane® has been unable to satisfy 
himself regarding the mechanism of this duodenal distention At first 
be thought that the ileac obstruction dammed back the intestinal con- 
tents but that this could only be a leflex cause, as the yejunum emptied 
itself rapidly Later he considered the distention secondary'' to the com- 
pression 01 obstruction of the third part of the duodenum by the strain 
exerted by the mesentery of the yeyunum Jordan® has always been alile 
to demonstrate this duodenal distention in Lane's cases, by the fluoioscope 
and bismuth suspensions The bismuth w'onld advance noimallv to the 
third portion of the duodenum but here it halted, and only after four 
and nine hours ivas the obstruction seen to relax and eject some bismuth 
During the time that the duodenum ivas filled, active and often violent 
peiistalsi'; was seen in the walls of the duodenum The stomach itself 
emptied normally, although usually it was dilated and elongated 

Lane and Jordan report four cases in which they demonstrated the 
distention of the duodenum by the fluoroseope and bismuth They fre- 

4 Baiclay Arch Roentgen Eav, 1010, 'vv, 174 

5 Lane Surg, Gynec and Obst , 1911, \ii, 222 

G Joidan Surg, Gjnec and Obst, 1911 xn 22G, quoted by Lane 
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quently found duodenal uleei associated in this class of cases Opeiative 
Intel ference disclosed iisuall}^ a vertical downwaid pull on the commence- 
ment of the jejunum with a toision which lendeied evacuation of the 
duodenal contents difficult The cecum was frequently found fixed by 
adhesions in the iliac fossa and the iliac obsti action was puiely static, 
owing to lesistance of the bum of the pelvis 

Holzknecht diagnosed five cases of duodenal stenosis by the fluoio- 
scopie examination The duodenum filled up behind the stenosis, so 
that the walls weie m shaip contiast The diiiation of the filling depends 
on the depth of the stenosis and the degiee of the dispiopoition between 
the nai lowness of the stenosis and the peiistaltic stiength of the stomach 
and duodenum, and on the mass of the ingesta in the duodenum The 
duodenum, when filled behind a stenosis, exhibits woim-lilce convuhive 
conti actions without visible effect on the mass, i e , there is no outpoiiimg 
thiough the stenosis This peristalsis of the duodenum occuired at 
iliythmical inteivals of about seven seconds and lasted about two oi tbiee 
seconds Wheie theie was a high degiee of stenosis theie appealed to be 
an atony of the dilated duodenal walls, probably owing to lack of compen- 
sation in the miisculatuie The degiee of the stenosis was estimated bi 
the length of time duiing which bismuth contents remained in the duo- 
denum, which vaiied fiom a shoit time m spastic conditions to twenti- 
foui horns m organic stenosis 

Crane'^ recently called attention to the possibility of outlinina: the 
head of the pancieas, oi estimating its size by plotting the curve of 
duodenum as the duodenum enciicles the head of the pancieas 

author’s technic 

The method of intioduction of the Gioss duodenal tube has been 
described fully by Gioss ® Briefly, the small tube with a lead ball at the 
end IS swallowed about fifteen minutes aftei the patient has taken a glass 
of milk The patient takes an easj position lecumbent on the light side 
with the hips elevated After about one-half to one horn the patient is 
fluoioscoped to see if the ball has passed the pyloius A small amount of 
bismuth and watei may be gnen (not thiough the tube) If the tube is 
in the duodenum it will appeal independent of this bismutn stomach 
shadow When it is detei mined that the lead ball at the end ot the tube 
has passed the pjdoius and is in the duodenum, a suspension of bismuth 
in watei (one-half ounce of bismuth oxychloiid to 6 ounces of uatoi) is 
funneled into the tube, and thus it reaches the duodenum independent 
of pyloiic activity 

7 Ciane Tr Am Eoentgen Eay Soc , 1910, Reference from Am Qinrt 
Eontgenol , 1910, n, 2G9 

S Gioss Duodenal Ulcer, Join Am ^Fed Assn, 1910, In, 1305 
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The patient, jnst pieMous to the m]eetion of the bismuth '■uspension 
through the tube, is placed on the simple apparatus illustiated in Figuie 1 
The patient is brought to a hoiuontal position on the light side, as m 
Figuie 2 ]ust beioie the suspension is introduced, so that the duodeno- 



I'lg 1 — ^Appiratus for use in fluoioscopj' 

jejunal junction uill be at the highest point and the duodenum will have 
the position of an upright TJ We aie accustomed to use this simple 
apparatus with a Beclere fluoioseopic stand 




E H 8K1NEER 


570 


This method of filling the duodenum lends itself to the estimation 
of duodenal pathologic conditions, especially m cases in Avhich theie is 
a stenosis oi mteifeience ivith the penstalsis It null usually be found 
that a peiistaltic wave ivill not pass ovei an eiosion oi niceiated aiea of 
the duodenum, lathei ivill it incite a spastic conti action at the site of 
the ulcei Foi outlining the head of the pancieas this method of filling 
the duodenum vould be quite uselul, as the bismuth-filled duodenum 
enciicles the head of the pancieas 



lug 2 — Patient in second position on appaiatus 


CONCLUSIONS 

We have been able to estimate a mechanical diagnosis of duodenal 
ulcei on the folloiving AVhen a bisrauth-and-watei suspension is shal- 
lowed bA a fasting patient, it readily passes the pyloiiis into the duo- 
denum (because the acid stomach content is not taken up as wlien food 
IS ottered the stomach, neithei is theie a closuie of pAdonis as when a 
food bolus is SAvallowed) The stomach ajipeais noimal aftei the ingestion 
of a bismuth meal (2 ounces of bismuth o\}chloiid to 13 ounces of poi- 
iidge of one of the piepaied wheat bieakfast-foods), but theie is a Mgoious 
penstalsis and a rapid emptimg ol the stomach in as shoit a time as 
one-half hour and at least in two horns The duodenum seems to be 
sluggish and casts a shadow foi a longer mteival than usual, but the toad 



580 


THE ARCHIVES OF INTERNAL MEDICIRE 


lapidly tla^elses the remaining poition of the small intestines By this 
method of filling the duodenum, as desciibed above, the duodenum ma} 
piesent an houi -glass conti action at the site of the ulcei Usualh the 
duodenum is sluggish and does not exhibit any pionounced peristalsis 
When the duodenum is filled and piessiiie is made at the outei cuive of 
the duodenum as shown by the shadow, the patient usually expeiiences 
some pain oi diseomfoit We place the gieatest weight on the lapid 
emptying of a stomach that exhibits the usual noimal J-shapecl shadow 
and a vigoious peiistalsis 
1018 1020 Rialto Building 



AMEBOID MOVEMENTS IN MACEOCYTES AND 
MEGALOBLASTS - 


ROGER S MORRIS, M D , and WILLIAM S THAYER, M D 

ST LOUIS BALTIMOBE 

Since the observations made by one of us^ of ameboid movements in 
a megaloblast, the opportunity has presented itself to study the fresh 
blood of five severe anemias 

In thiee of the bloods examined by us, ameboid motion was striking 
not only in many of the megaloblasts but also m the maciocytes The 
absence of ameboid activity m the two remammg eases was probably 
attributable to the almost complete lack of unusually large cells in the 
blood (Eor the blood findings, see the accompanying table ) 

Two of the bloods (Cases 1 and 2) were demonstrated to the class 
and the changes described below were observed by practically all of the 
ninety-odd students. In addition, we made prolonged observations on 
each of the bloods. Our specimens weie sealed at once with petrolatum 
to prevent drying and to avoid currents m the plasma as far as possible 

In Case 1, preparations of the blood were studied during a megalo- 
blastic crisis The megaloblasts were quite numerous and were so 
frequently ii regular in outlme that they weie found without difficulty 
with low magnification (Leitz ocular No 3, objective No 3) When 
examined under the oil immersion they often showed a striking change 
in form (Eigs 1-3, 7-10, 13-17, 18-22, 23-34, 51-66, 67-97, 103-105, 
136-138), and at times, though 'not often, the change was so rapid 
that the successive alterations in shape could not be sketched The 
phenomenon consists essentially of a change in form due (1) to small, 
often numerous, serrations in the outline of the cell which may later 
be smoothed out or which may develop into a large, prominent projection 
or pseudopod, or (2) to the protrusion of one or more blunt, rounded 
pseudopodia, often large, which may be accentuated by a constriction at 
the base, or (3) to a combination of these appearances at one time in 
the same cell At times rather deep indentations appeared at one or 
more pomts on the rim of the cell Sometimes these nicks appeared to 
be bridged over m part by a delicate, colorless film, showing at times a 
slight wrinkling, as if the coloring-matter were at this point retracting 

*From the Clinical Laboratory the Johns Hopkins University and Hospital 
1 Thayer, W S The Ameboid Activity of Megaloblasts, The AscnivES 
INT Med , 1911, vii, 223 



All diawings aie made fiom specimens of fiesli blood with Leitz oculai jS^o 3, 
objective 1/12" oil immersion The drawings are not made to scale The 
numerals above each sketch denote the number of the sketch, those below, the 
time intervals 



Figs 1 to 3 — Case 1 — ^Megaloblast Figs 4 to 6 — Case 1 — Macrocyte Figs 
7 to 10 — Case 1 — ^ilegaloblast Fig 11 — Case 1 — ^IMacrocyte Fig 12 — Case 1 — 
Poikiloeyte Figs 13 to 22 — Case 1 — ^klegaloblast Figs 14 to 21 — Case 1 — A 
poikiloeyte which showed no change during time of obsei vation Pigs 23 to 34 — 
Case 1 — ^Megaloblast Figs 35 to 37 — Case 1 — ^iMacrocyte Fig 38 — Case 1 — 
Poikilocvte (small) Figs 39 to 45 — Case 1 — Macrocyte 
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Fig 4G — Case 1 — Poikilocyte (small) Fig 47 — Case 1 — ^ITegaloblast Fig^ 
48 to 50 — Case 1 — Megaloblast Figs 51 to 60 — Ca=e 1 — MegalobJast Figs 07 
to 97 — Case 1 — ^ilegaloblast 
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Figs 98 to 102 — Case 1 — ^Slacrocyte (rather small) Figs 103 to 105 — 
Case 2 — ^Intermediate Fig 106 — Case 2 — Normoblast Fig 107 — Case 2 — Poi- 
kilocyte Figs 108 to 112 — Case 2 — ^IMacrocjte Figs 113 to 118 — Case 2 — 
Macrocyte 
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from the stroma Indentations such as these were often obliterated by 
very sudden movements, the colored substance sprmgmg back instantane- 
ously and restoring the former contour of the cell or even formmg a 
slight protrusion. The appearance at these points suggested somewhat 
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Figs 119 to 125 — Case 3 — ^Jlacrocyte 
blast Fig 138 — Case 3 — ^The cell shown 
inoining 


/S6 



10 

Figs 128 to 138 — Case 3 — Megalo- 
m drawings 12G to 137, the following 


the appearance of some infected corpuscles in estivo-autunmal malaria 
in which the brassy-colored protoplasm recedes from the colorless out- 
line of the cell The malarial cells are, however, often deformed and 
obviously degenerated But these motile elements showed no abnormal 
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change m coloi or geneial appearance No cell, indeed, with a sugges- 
tion of crenation or of the ordinary changes of shape observed in 
poikilocjtes showed ameboid motion 

We have not been able to demonstiate piopulsive motion m an 
ameboid cell, which lemams piactically in the same relative position 
durmg several hours^ observation In this lespect the ameboid move- 
ment of the megaloblast diffeis from that often seen in the leukocytes 
Indeed, the megaloblast protiudes its pseudopodium, only to retract it 
again Inclusions or other evidences of phagocytosis in megaloblasts 
have not been seen 

Exammation m Case 2 revealed the identical conditions obseived 
in Case 1 Typical megaloblasts aie not abundant, but noimoblasts and 
intermediates are numerous It is noteworthy that it is only the largei 
cells (megaloblasts and mtermediates) which have shoivn xmquestion- 
able changes of foim In normoblasts (Pig 106) we have not seen 
such alterations, though they have been looked for with considerable 
patience Again, in Case 3, ameboid activity was very striking in the 
megaloblasts Not all megaloblasts, of couise, exhibit ameboid activity, 
and this is quite what one would expect from analogy with the leuko- 
ejdes, some being inactive, others active 

That it IS the laige cells which are chiefly concerned in ameboid move- 
ments we have ]ust seen Further evidence in support of this fact is 
furnished by the results obtained in Cases 4 and 5 Here, though the 
reductions in the number of erythrocytes were quite as great or even 
gieater than in the preceding cases, the absence of veiy large red coi- 
puscles was conspicuous In Case 5, in fact, no megaloblasts were seen 
at any stage of the disease, and they were scanty in Case 4 In neithei 
of these cases was active ameboid motion demonstrable in the red cells 

AMEBOID ACTIVITY IN MACROCYTES 

The observations 3 ust recorded confiim the findings pieviously 
leported ^ In addition, we have observed exactly the same changes in 
shape in macrocytes (Pigs 4-6, 35-37, 39-45, 98-102, 108-112, 113-118, 
119-125) The rapidity of change may be quite as great as m the nucle- 
ated red corpuscles and may present all the variations observed in the 
latter There was no discoverable difference in kind oi in degree As in 
the case of the megaloblasts, not all of the macrocytes exhibit ameboid 
movements (Pig 11) That non-nucleated cells should do so at all seems 
stiange But if the motility of the megaloblasts is in reality ameboid — 
and to the writers there appears to be no other explanation — then there 
can be no doubt that certain macioc 3 rtes, too, are possessed of it Numei- 
oiis ameboid macrocytes weie observed in the blood of Cases 1, 2 and 3 
A smgle, sluggish, lathei small macrocyte was found in Case 5 in the 
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examination of many specimens, this cell appearing at the time of the 
blood crisis 

To determine the efiect of tempeiature, specimens weie examined 
on the waim stage at body heat It was impossible to see any difference 
in the ameboid activity of cells studied in this way and those at loom 
temperature (about 70 F). 

Two specimens from Case 1 weie allowed to stand over night, the 
one in the incubator at 37 C , the othei at lOom temperature, both sealed, 
as m all instances, with petrolatum On leexammation, about twenty 
hours aftei the specimens had been piepaied, it was found that the red 
corpuscles weie remarkably well preserved, little, if any, lakmg having 
occuried, though there were crenation m a few cells and endoglobular 
degeneiations in many The most sti iking fact noted was that it was 
no longer possible, as it had been when the smears weie fresh, to select 
megaloblasts with low magnification, since nearly all of them weie now 
circular oi oval in outline and therefoie less conspicuous A sluggish, 
almost imperceptible change in form was observed in one megaloblast 
(Figs 48-50), and in one only, though many megaloblasts and macio- 
cytes were watched over considerable periods of time In Case 3, in a 
specimen of blood which had been prepaied and sealed at 11 a m , a 
megaloblast, actively ameboid, was fixed in the field at about 12 45 
pm It remamed very active until 4 20 p m , when the observations 
weie temporarily interrupted The following moinmg at 10 25, the 
cell was almost round (Fig 138) and the ameboid activity had entiiel} 
ceased This megaloblast showed no endoglobulai degeneration and no 
apparent loss in color Its nucleus, as is the lule in such cells, showed 
practically no change m shape throughout the observations (Figs 12G- 
138) In these specimens exammed aftei twenty or more houis, the 
leukocytes also showed a cessation of ameboid activity, though, unlike 
the red corpuscles, they frequently retained then iriegular shape 

The cells, both megaloblasts and macrocytes, exhibitmg ameboid 
movements were for the most pait well colored, many seemmg to be 
iichei in hemoglobin than the average cell A few, paler than the majoi- 
ity of the surrounding reds, were seen to change form, but no diffeience 
was deteimmed m the motion of such cells and those more highly colored 
Ho suggestion of crenation was observed in the ameboid cells That the 
alterations m shape observed weie not the result of osmosis is made 
probable by the absence of shadows or crenated erjdhroeytes in the neigh- 
borhood of those studied, and, further, by the fact that smaller red cells 
and many which were large remamed immobile. 

]\Iany poilalocjdes and normocytes were studied In no case was 
there the least evidence of change m foim while thei' weie under obseiva- 
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tion (J'lgs 12,14,21, 38,46, 107). Eollmg of the cells was, of course, 
excluded. Currents were practically eliminated by sealmg the speci- 
mens 

It occurred to us that it might be possible to demonstrate proto- 
plasmic currents in the ameboid red cells by means of the so-called vital 
staining methods It is the young cells which have shown ameboid activ- 
ity and in these cells particularly, as Vaughan^ and others have shown, 
the retieulofilamentous substance is demonstrable The dyes used were 
TJnna’s polychrome methylene blue and neutral red in physiologic salt 
solution Of the bloods possessing ameboid led cells, only that from 
Case 3 was studied in this manner There was no difficulty in findmg 
macrocytes and megaloblasts with well-stamed reticula but m none of 
them could we see even a suggestion of ameboid movements, though con- 
trol preparations made at the same time, unstained, contamed very active 
ameboid ceUs. The neutrophilic leukocytes retained their ameboid activ- 
ity well in the vitally stained specimens Though our experiments with 
vital staining are limited to one case, it seems probable that the stainmg 
solutions used abolish the ameboid movements of red cells This is all 
the more likely, smce there is no description in literature of active move- 
ments of the vitally stained particles m erythrocytes, so far as we can 
discover 

The movements which we have described m macrocytes and megalo- 
blasts were similar to those which were observed m the first case reported, 
but the protrusion and coalescence of small pseudopods were not so strik- 
mgly evident and the similarity of the movements to those of leukocytes 
not so apparent The megaloblast oiiginally described was a large, pale 
form, apparently a very immature ceU, while, as has been said, these 
megaloblasts and macrocytes were all corpuscles of quite the normal 
color 

As a probable evidence of ameboid activity m megaloblasts, the occa- 
sional irregularity in outline seen in stained blood fihns may be recalled 

That ameboid activity in the red corpuscles may have considerable 
biologic significance is made clear by recallmg the tlieories advanced to 
explain leukocytoses It is not improbable that the 'ffilood crises” are 
due to an active wandering out of the red cells from the marrow, the 
result of some unknown stimulus Should this prove to be the case, it 
is likely that it will be found to be a departure from the normal, an 
unusual method of responding to increased normal or pathological stim- 
ulus, though for the fetus this may well be physiological As yet, how- 
ever, we have been unable to study blood from the fetus 

2 Vaughan, V C , Jr The Appearance and Significance of Certain Granules 
in the Erythrocytes of Man, Jour Med Reseaich, 1903, x, 342 
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The counts given below coincide with the dates of examination 

Case 1 — E D P, male, aged 41, white, med ISTo 26,575, admitted to the 
hospital Nov 22, 1910 Diagnosis Pernicious anemia, erysipelas, streptococcus 
septicemia * 

Dec 1, 1910 Blood e\amination 
Bed blood-cells, 900,000 
Hemoglobin, 20 per cent 
White blood-cells, 8,100 

Differential count of 402 cells gave 
Lymphocytes 

Large mononuclears and ti ansitionals 
Polymorphonuclear neutrophils 
Eosinophils 
Mastzellen 

Myelocytes, neutrophilic 
Unclassified 

In counting the leukocytes, 40 megaloblasts, 36 intermediates, and 24 normo- 
blasts were seen 

The red cells showed marked anisoeytosis and poikilocytosis There were many 
large cells The stained film revealed polyehromatophilia, basophilic granula- 
tion, nuclear particles, and Cabot’s ring bodies in large numbers Marked signs 
of regeneration were, therefore, present 

Case 2 — J S, male, aged 17, colored, med No 26,868, admitted Jan 25, 
1911 Diagnosis Severe anemia (pernicious’) 

Feb 21, 1911 Blood examination 
Red blood cells, 1,750,000 
Hemoglobin, 38 per cent 
White blood-cells, 21,000 
Differential count of 800 cells gave 
Lymphocytes 

Large mononuclears and transitionals 
Polymorphonuclear neutrophils 
Eosinophils 
Mast/ellen 

Myelocytes, neutrophilic 

Nucleated red cells were present in the proportion of 350 to 1,000 white cells, 
normoblasts predominating There were considerable anisoeytosis and poikilocy- 
tosis Macrocytes were numerous but were not so large as in the preceding case 
A Romanowsky stain showed much the same changes in the erythrocytes as in 
Case 1, but to a less degree, though the nucleated forms weie more common 

Case 3 — ^T P J, male, aged 43, white, med No 27,438, admitted May 28, 
1911 Diagnosis Pernicious anemia 
June 16, 1911 Blood examination 
Red blood cells, 1,544,000 
Hemoglobin, 33 per cent 
White blood cells, 3,200 
Differential count 
Lymphocytes 

Large mononuclears and transitionals 
Polymorphonuclear neutrophils 


43 0% 
4 0% 
53 0% 


24 7% 
8 7% 
59 0% 
6 3% 
0 7% 
0 7% 


25 7% 
4 7% 
59 6% 
12 % 
0 0 % 
4 2% 
4 2% 


*The infection occurred about one month after the present study of the blood 
was made 
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Nucleated leds weie present in the proportion of 230 to 1,000 leukocytes Poi- 
kiloeytosis and anisocytosis weie marked, some of the cells being imusually large 
The evidences of regeneration of the red cells were striking 

Case 4 — M , male, aged 45, white, med No 27,336, was admitted May 4, 
1911 Diagnosis Aplastic pernicious anemia (autopsy) 


May 4, 1911 Blood examination 
Red blood cells, 1,280,000 
Hemoglobin, 20 per cent 
White blood-cells, 1,200 
Differential count of 100 cells 

Lymphocytes GO 0% 

Large mononucleais and transitionals 17 0% 

Polymoi phonucleai neutrophils 16 0% 

Eosinophils 0 0% 

Mastzellen 10% 

Myelocytes, neutrophilic 3 0% 

Unclassified 3 0% 


Two megaloblasts and one normoblast were found The blood showed a con 
siderab^e degree of anisocytosis and poikilocytosis but the absence of many macro- 
cytes and, indeed, of any veiy laige ones Avas sinking, the morphology of the 
cells suggesting a seveie secondary rather than a primary pernicious anemia, 
except foi the megaloblasts Aside from the scanty nucleated reds, there weie 
no signs of regeneration in the led cells The occurrence of myelocytes and a few 
nucleated red corpuscles indicates a futile attempt at regeneration 

Case 5 — ^P H, male, aged 56, white, med No 27,337, was admitted May 4, 
1911 Diagnosis Severe secondary (toxic) anemia (’), pernicious anemia (’) 
(The patient was employed in a dye factory and it is possible that the anemia 
was the result of his occupation, conclusive evidence is not yet at hand ) 


June 7, 1911 Blood examination 
Red blood cells, 900,000 
Hemoglobin, 15 per cent 
White blood cells, 2,400 
Differential count 

Lymphocytes 37 0% 

Lai ge mononuclears and transitionals 3 0% 

Polymorphonuclear neutrophils 57 4% 

Eosinophils 2 0% 

Mastzellen 0 0% 

Myelocytes, neuti ophilic 0 2% 


No nucleated leds were found and there iveie no other evidences of regenera- 
tion of the red corpuscles The absence of large cells is striking Except for the 
lack of nucleated red cells and the piesence of only slight poikilocytosis the blood 
bore a striking resemblance to that of Case 4 On vital staining with polychrome 
methylene blue, very few erythrocytes shoived the reticulo-filamentous substance 
After the red count had fallen to 530,000, defibrinated blood was given intra- 
venously by Dr W L Moss (who will include the case in a forthcoming report), 
and on June 13, 1911, an examination of the blood showed 
Red blood-cells, 1,580,000 
Hemoglobin, 19 pei cent 
White blood cells, 4,000 

There was noiv a normoblastic crisis, 143 nucleated led cells per 1,000 irhites 
No megaloblasts were found and the intermediates were small 

1806 Locust Street, St Louis — 406 Cathedral Street, Baltimore 



THE BEEBGT OB SOME HYDEOTHERAPEUTIC PEO- 
CEDUEES OK THE BLOOD-BLOW IK THE AEM 


A W HEWLETT, MD, J G VAN ZWALUWENBURG, MD, 

MARK MARSHALL, MD 

ANN AHBOE, MICH 
INTRODUCTION 

It IS geneially agieed that theiapeutic baths exercise a piofound effect 
on the circulation of the blood The exact changes, however, are not fully 
understood and this lack of knowledge is due to a number of causes In 
the first place it is not easy to transfer the results of animal experiments 
to man because the skin vessels in the latter are more active and the 
temperature regulation more exact In the second place alterations in 
the distiibution of blood in the body, seemingly the most marked circula- 
tory effect of baths, are not readily studied in man The blood-piessuie 
gives no definite mfoi matron as to this distribution because the dilatation 
of one set of vessels may be neutralized by the constriction of another set, 
and the changes in pulse tracings are extremely difficult to interpret^ 
On the other hand, the plethysmograpli which records the volume changes 
in an extremity and presumably the variations in the contained blood 
has added greatly to oui scientific laiowledge of the action of hot and 
cold water on the distribution of blood Its use, however, is limited 
because it is necessary to keep the individuals extremely quiet during 
manipulations 

Considering the difficulties encountered in trymg to obtain exact 
data, it IS not surprising that frequent contradictions occur in the hvdro- 
therapeutic literature concerning the effects of baths on the peripheial 
circulation Bor this reason it seemed important to approach the subject 
from a new direction We have therefore studied the effect of some repre- 
sentative hy dr other apeutic procedures on the blood flow in the aim, u&ing 
a method recently described - Many of our results correspond with those 
already obtained by the pleth3^smogiaph, but they are of interest because 
they are expressed in terms of blood flow As has been indicated, the use 
of the plethysmogiaph is limited, as the individual must remain quiet 
durmg the obsei rations and because the mstrument caimot be taken oft 
and leplaced during an experiment Boi this reason the reaction after 
a cold bath and the effect of exeicise and friction cannot be studied b} 
the plethysmogiaph, and our ideas concerning these have been deduced 
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largely from such evidence as the sensations of the patient and the color 
and warmth of the skin The method which we have used permitted a 
removal and a replacement of the mstrument on the arm so that compara- 
tive records before and after treatments could be obtained We have 
therefore been able to study the effect of exercise, friction and the reaction 
after cold baths 

EFFECTS OF LOCAL PROCEDUKES 

The application of hot or cold water to the arm is one of the simplest 
hydrotherapeutic procedures, and the effect of such applications on the 
local circulation has been studied by various methods IT Mosso,^ Sarah 
Amiiin^ and others have sho^vn that m general the arm shrmks under 
the influence of cold and swells under the influence of heat A Mosso® 
has shown that the size of the volume pulse is diminished by local cold 
and increased by local heat, and Bailies® tachogiams show similar changes 
LommeF has shown that the rate of propagation of the arterial wave is 
accelerated by local applications of cold From these and other observa- 
tions it has become generally accepted that the arteries and other blood- 
vessels in the extremities contract under the influence of local cold and 
dilate under the influence of local heat, and it has been assumed that the 
local blood-flow is lessened in the foimer condition and accelerated in the 
latter Friedel Pick^ has proved this for the legs of dogs by direct meas- 
urements of the venous outflow 

In order to study the effect of thermic stimuli on the local blood-flow, 
we have modified our method by partially filling the plethysmograph with 
water The temperature of this latter could be varied by passmg hot or 
cold water through an encased coil of block tin Records of the blood- 
flow made at frequent intervals were compared with the temperatures of 
the water surrounding the arm 

It IS well known that the volume of the arm often fluctuates consider- 
ably in the ordinary plethysmograph, and we found similar fluctuations 
in the rates of flow Inaccuracies of the method undoubtedly accounted 
for many of the minor fluctuations Others, however, were piobably due 
to psychic or other nervous influences which, as Weber® and others have 
shown, exert a powerful influence on the caliber of the peripheral vessels 
These nervous variations could usually be distinguished from those pro- 
duced by thermic influences on account of their transient and variable 
character They were most apt to be encountered when the blood-flow 
approximated the normal rate, and tended to dimmish when the water 
surrounding the arm was either hot or cold When both arms were 
studied, fluctuations were frequently encountered in the arm which was 
placed in an air plethysmograph and was not directly subjected to strong 
thermic stimuh These observations are comparable to the experiments 
of Fiiedel Pick, who showed that when the leg of a dog was exposed to 
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hot or cold water the usual vasomotor effects of cutting or stimulating 
the sciatic nerve did not occur The influence of stiong thermic stimuli 
transcended the nervous influences 

The general qualitative effect of thermic influences on the local blood- 
flow in our experiments was veiy constant Whenever definite results 
were obtained, heat always accelerated the local flow and cold always 
diminished it A typical chart of this class of experiments is shown m 
Tigure 1 It will be seen that the original rate of 3 7 c c of blood-flow 
pel 3 00 c c of arm substance per minute when the arm was surrounded 
by water of 24 C was gradually reduced by the cooling of the water until 
a minimum rate of 1 1 c c was obtained when the water temperature had 
fallen to 14 5 C In all of our experiments a similar fall occurred but we 
were unable to use very low temperatures on account of the pain in the 
arm caused by the cold On this account, peihaps, we obtained no 
increased flows at very low temperatures such as would correspond to the 



Fig 1 — The effect on the local blood-flow of varying the temperature of the 
water surrounding the arm Note that for coi responding temperatures the flow 
IS more rapid when the temperature is falling than when it is rising 

swelling of the arm described by U Mosso or to the relative increase of 
heat elimination described by Sobinson and Stiles On this account 
also, perhaps, when the arm was again heated to a neutral temperature 
we obtained no excessive increases in the rate of flow such as one might 
expect from the changes in volume described by U Mosso, or the changes 
in volume pulse pictured by A Mosso As a rule in our experiments the 
late of flow did not immediately increase when the temperature surround- 
ing the arm was raised, hut remamed relatively slowei than it had been 
foi corresponding tempeiatures when tlie temperature of the water bath 
was falling Thus we obtained no records which could be interpreted as 
showing a ^^paralysis of the vessels^^ from cold 

Hmh temperatures invariably produced a most marked acceleration 
of the "rate of flow This developed more suddenly in Figure 1 than in 
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most of om expeiiments, but there was nearly always a rapid increase in 
the rate of flow at about the time that the temper atuie 'of the water 
passed 35 to 38 C The increases from the original rates to the maxima 
weie always veiy marked, much more so than those which Ihiedel Pick 
obtained in dogs The following figures give the lates per mmute per 100 
c c of arm substance before and after the application of heat 3 7 c e 
tol4cc,4cc to39cc,6cc to23cc,5cc to26cc,3cc 
to 26 c c , 4 e c to 22 c c , 6 c c to 45 c c 

When the temperature of the water bath was agam reduced after 
reaching temperatures of 42 C to 50 C , the rate of flow always fell, but 
this fall never occuiied promptly and foi a given temperature of the arm 
bath the rate of flow was invariably faster than when the temperature 
was rising (Pigs 1, 2 and 3) Similar results published by U Mosso 
for the volume changes m the arm were interpreted as indicating a vascu- 
lar paralysis, a subject which will be discussed later 

Several causes contribute to produce the fluctuations in the rate of 
blood flow which follow the local applications of hot or cold water It 
is difficult, however, to estimate the exact part played by each Theo- 
retically one may consider (1) the direct action of heat or cold on the 
blood-vessels or then local nervous connections, (2) reflexes excited by 
theimic stimuli and acting on local vessels, (3) reflexes excited by 
thermic stimuli and acting on the vessels of the body m general, and 
(4) the effect of cooling or warming the blood The separation of the 
first two of these oi the local effects, from the last two oi the general 
effects, can be accomplished by a simultaneous study of the two arms when 
only one of these is subjected to external changes m temperature 

Studies of this charactei have yielded very contradietoiy results 
U Mosso describes a single experiment in which the aim exposed to hot 
water became swollen while the opposite arm, exposed to an mdifferent 
temperature, shrank Sarah Amitin, in similar experiments, found that 
while the aim in hot water became swollen the opposite arm did not 
change volume She found, however, that when one arm was exposed 
to cold water both shrank Priedel Pick obtained unilateral effects in 
studying the action of thermic stimuli on the blood flow m the legs of 
dogs On the other hand, many observers in recent years, notably 
0 Muller,^^ have emphasized the fact that the vessels in the two arms 
tend to act in unison when one is subjected to hot or cold applications 
We have earned out several sets of experiments in which the rate'i of 
flow in the two aims were compared while one was exposed to hot oi cold 
water and the other was in an an plethysmograph, and we are inclined 
to believe that the contradictory reports published by others may be 
explained by variations in the room temperatui e 
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The first set of these experiments weie made dnrmg the spiing months 
of 1910, m a fairly waim room During the application of heat to the 
aim, the body as a whole became warm and the individual perspiied 
treely Figure 2' shows the results obtained in one of the three expeii- 
ments performed at this time, all with uniform results It will be seen 
that the application of heat to the right arm caused an increased blood- 
flow m the left arm In contrast with the right, however, this increase 
m the left took place somewhat later, did not reach the same high point 
and the rate decreased more piomptly when the right arm was cooled to 



Fig 2 — The effect of varying the temperatuie of the watei surrounding one 
aim on the blood-flow in this and in the opposite aim, the room being warm The 
right arm was exposed to the varying temperatures, the left vas in an air plethys- 
mograph 2Q^ote that when heat was applied the blood-flow m the latter rose latei, 
did not reach the same high point, and fell more promptly Also that uhen cold 
waS applied the flow in the right arm fell below that in the left 

a neutial temperature When the water was still further cooled (belou 
25 C ), the late in the arm exposed to the cold diminished, while it 
lemained approximately normal in the other The marked discrepanc} 
between these results and those of TJ UXosso and of Sarah Amitin led u^ 
to repeat this experiment in a cold room, taking care that the indiiidual 
should lemaiii slightli chilly throughout In Figuie 3 it will be seen 
that under these conditions the arm diiectli exposed to tlie ^hangiiiir 
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temperature showed the customary changes in blood-flow while the oppo- 
site arm showed throughout a slow rate of flow, the maximum increase 
not being over twice the origmal rate When the water in the plethysmo- 
giaph was cooled, both aims showed an extremely slow and approximately 
equal blood-flow The different results m these two experiments show 
clearly that the room temperatuie exercises an important mfluence on 
the distant vascular reaction when hot or cold water is applied to a 
limited part of the periphery They also show that the local effects of 
such applications are largely mdependent of the general effects 0 
Muller^^ also noticed that the temperature of the room disturbed the 
general effects, but in a somewhat different manner from what we have 
described He states that when the temperature of the room was consid- 
erably below 20 C , the distant effects of cold were lessened and conversely 
when the temperature of the room exceeded 20 degrees the distant effects 
of local heat were lessened 


/fi /♦ 12 11 fo fO /a /• 1C i$ 99 3o ti 2Z a3*C ilo.m 



Fig 3 — ^The effect of varying the temperature of the water surrounding one 
arm on the blood-flow in this and in the opposite arm, the room being chilly 
The upper curve represents the temperature of the local bath, the middle the 
blood-flow in the arm to which the water of varying temperatures was applied, 
and the lower the blood-flow in the arm contained in the air plethysmograph 
Note that heat increased the flow in the left arm very markedly while it did not 
greatly affect that in the right arm At low temperatures both arms showed 
a very slow rate of blood-flow 

To demonstrate tbis more clearly a final experiment was performed, 
durmg wbicb the room temperature and the temperature of the water 
about the arm were varied independently During the first part of this 
experiment the room was kept at a constant temperature of 22 0 to 24 C , 
while the temperature of the water bath surrounding the left arm was 
raised from 32 C to 41 C The blood-flow m the left arm increased 
from an average of 5 c c per 100 c e of arm substance per minute, to 
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15 c c , wMe the blood-flow m the right arm varied but little from the 
original rate of 4r c c During the second part of the experiment the 
tempeiatnre of the water bath was maintained at 42 C , while the temper- 
ature of the room was reduced from 24 0 to 12 C In this period the 
blood-flow in the left arm fluctuated in the neighborhood of 16 cc 
while the blood-flow in the right arm fell from the neighborhood of 4 c c 
to about 2 c c During the third period the temperature of the water 
surrounding the left arm contmued to be about 42 C while the temper- 
ature of the room was raised from 12 C to 30 C In this period the rate 
of blood-flow in both arms increased That of the left rose from 17 c c 
to 27 e c , that of the right from 2 cc to 7 e c During the fourth period 
the room was kept warm and the temperature of the water surrounding 
the left arm was reduced from 42 G to 14 0 The rate of blood-flow 
in the left arm fell from 27 e c to 2 c c , while that in the right arm fell 
from 7 c e to 4 c c In the final period the temperature of the room was 
again reduced to the chillmg point and the rates in both arms fell still 
further, approximating each other at a little over Ice In this experi- 
ment the blood-flows in the arm exposed to the changmg temperatures 
of the water followed these changes rather closely and were but moder- 
ately affected by the room temperature The blood-flows m the opposite 
arm, on the other hand, depended chiefly on the room temperatures but 
was moderately affected by the changes in the temperature of the water 
surrounding the first arm 

Our experiments demonstrate that thermic stimuli produce both local 
and general effects on the peripheral blood-vessels The former aie 
shown by the facts that (1) when heat is applied the blood-flow is always 
relatively faster in the arm to which it is apphed, (2) when the indi- 
vidual IS kept cool or chilly, the rate in the opposite arm may not be 
accelerated, and (3) when cold is applied the blood-flow in the affected 
arm is often less than in the opposite arm The effect of local appli- 
cations on the blood-vessels of the opposite arm is indicated by the fact 
that the blood-flow in the latter frequently undergoes changes similar to, 
though usually not so great as, those which occur in the arm directly 
treated 

The factors causing the distant effects of heat and cold will be dis- 
cussed later Concerning their local action we have two possibilities 
The first of these would attribute these effects to reflexes origmating 
from the heated or cooled skin and acting on the local vessels While 
it IS possible that such reflexes occur, they do not seem to be necessary, 
for Fiiedel Pick observed characteristic changes in the blood-flow follow- 
ing thermic applications to the legs of dogs even after the sciabc nerves 
were cut This seemed to indicate that thermic influences may act 
directly on the local nervous or vascular apparatus Similar results have 
been obtained by otheis ^ 
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When the arm is heated excessively, signs may appear which indicate 
a loss of contractile power on the part of the vessels IT Mosso assumed 
the existence of such a “vascular paralysis” as the lesult of heating the 
arm, and based his assumption partly on the observation that after a 
thorough heating the vessels do not contiact piomptly when cold is 
applied While our observations on the blood-flow confiim his, we aie 
mclmed to give them a different interpietation The temperatuie to 
which the tissues are exposed is not the same as the temperature of the 
surrounding water bath When the tissues aie thoroughly heated the 
local blood-flow is markedly increased, the deep layers of the skin aie 
relatively protected from the cold watei bath, and one would not expect 
a sudden contraction following its use Occasionally, howevei, the skin 
remains red for hours, even days, after exposures to very hot watei 
Turtliermore, in several of our experiments the curves obtained after very 
hot water were peculiar m that only a small amount of blood could entei 
the arm at a uniform rate To our mmds this indicated that the vascular 
reservoir was diminished, and taken in conjunction with the fact that 
the rate was very fast and the aim red, it seemed to us probable that the 
vessels were dilated to their utmost and did not empty sufficiently between 
determinations to allow the reception of much more blood This effect 
persisted for some time after the rate began to fall as a result of cold 
applications but ultimately completely disappeared In such a case, and 
also where the the skin remains abnoimally red, one might speak of a 
“vascular paralysis ” 


EFFECT OF GENERAL PROCEDURES 

General hydrotherapeutic treatments aie usually initiated by a hot 
procedure, such as an electric cabinet bath, and are usually terminated 
by a cold procedure, such as a cold shower In some cases cold procedures 
alone are used Exercise, fiiction, the mechanical action of douches, and 
the temperature of the room are important accessories In the present 
study we have aimed to determine the effect of general hot and cold 
procedures on the circulation in the arm We have also tried to outline 
the part played by some of the above named accessories Einally, mouth 
temperatures have been taken during many of the experiments for the 
purpose of comparmg these with the peripheral blood-flows and with the 
ability of the mdividuals to react Prolonged cold and medicated baths 
such as are used in the treatment of fever and of heart disease were not 
studied 

SUMM^VEY OF EXPERIMENTS 

A number of experiments were carried out, the results of which are 
shown below in the form of tables A general discussion follows Many 
details of the experiments have necessaiily been omitted from the tables 
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such as, foi example, the fluctuations in blood-flow caused by nervous 
influences oi by eirois in the method employed Some idea as to the 
extent of these fluctuations may be obtained from I'lgures 1 to 4 When 
the fluctuations were very marked the figures given m the tables have 
been starred When more or less continuous changes in rates occurred, 
especially after hot or cold proceduies, the changes have been indicated 
by a dash connecting the earlier with the later lates All temperatures 
have been expressed in the centigrade scale, and the blood-flows have been 
expiessed in terms of the number of centimeters of blood entering 100 c c 
of aim substance per minute The plethysmograph always included the 
hand, foieaim and lower arm 

In the first set of experiments, represented in Table 1, the individuals 
were placed at rest in a bath tub, and the original rates were taken while 
the individuals weie covered by a light blanket Hot water (41 G 
to 45 C ) was then run into the tub This usually covered the lower 
extremities, the abdomen and parts of the chest and of one arm, leaving 
the arm in the plethysmograph outside of the water The subjects were 
lett in the hot water until a profuse perspiration oecuired After this 
the water was allowed to run out of the tub and a spray with tap water 
undei high pressure and at a temperature of about 15 0 was given with- 
out moving the individual or the apparatus The rates of flow through 
the arm were taken at frequent inteivals throughout the experiments In 
some instances the shower was repeated once or twice, but the results of 
these secondary showers are not charted in this table 


Table 1 — Hot ITjb Baths Followed by Cold Spilvys 


Hame 

Room 

Temp 

Hew 

25 C 

Hew 

23 C 

Meg 

25y2C 

Alex 


Sti 

24 C 

Gan 

22 C 

Sch 

21 C 

Oha 

21 C 

Lot 

23 C 


Original 

Average 

Rate 

Maximum 
Rate in 
Bath 

3 3* 

14 4 

20 0 

22 

12 4 

43* 

20 0 

27 

18 0 

22 

22 0 

20 

13 0 

20 

14 

20 

11 0 


Rate 

Aftei 

when 

Watei 

Ran Out 

Spray 

14 4 

14 5 

16 0 

14 

7 1 

32 

13 0 

5 4 

14 

43 

10 

2 5 

65 

40 

2 2 

20 

10 1 

36 


^Maximum 
Mouth 
Temp 
in Bath 

38 5 C 
38 4 C 
37 9 C 
37 OC 


38 3 C 
38 1C 


In the experiments shown m Table 3 the same proceduies were u«ed 
except that in place of hot watei the individual was surrounded bv 
numeious blankets which were heated by an enclosed set of incandescent 
lamps The dneet rays from the lights did not reach the skin The 
‘‘^after spray” rates were taken as m tire previous set of experiments The 
individual then took an ordinary cold shower, dried himself and dressed 
The lates after these proceduies are given in the last column 
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Table 2 — Hot Aiu Baths Followed by Cold Spbays 


Hame 

Boom 

Original 

Aveiage Rates when 

After 

Highest After 


Temp 

Rates 

Maximum 

Blankets 

Spray 

Mouth Ordinary 



Rates 

were Re- 

Temp Shower 





moved 


Hew 

210 

65 

10 0 

60 

50 

37 2 C 7 4 

Hew 

26 C 

57 

12 

10 0 

43 

37 5 C 4 2 


In Table 3 the individuals were placed at rest in a tub, and the shower 
was given without any preliminary heatmg 


Table 3 — Cold Spbays Without Hot Pbocedxjbes 


Name 

Room 

Rates Be- 

Rates After 

Rates After 


Temp 

fore Shower 

Shower 

Dressing 

Lot 

23 C 

14 

1 3 

18 

Lil 

23 5 C 

26 

1 3 

25 


Two objections may be raised to the results obtained in these experi- 
ments In the first place the arms from which the observations were 
taken were kept continuously in the air plethysmograph and did not come 
in contact with the hot or cold water In the second place important 
accessories to a therapeutic treatment were absent, such as the exeicise 
taken durmg or after the bath and the local friction fiom douches and 
from rubbmg with hands or towels 

Table 4 shows the results obtained durmg observations made on 
patients of the psychopathic hospital who were taking baths for theia- 
peutic purposes We were permitted to make these observations through 
the courtesy of Dr A M Barrett In these cases rates were taken befoie 
the electric cabmet bath, after the electric cabinet bath, and finally aftei 
cold procedures which consisted of gradually cooled showers and douches 

Table 4 — ^Eleotbic Cabinet Baths Followed by Cold Showers 


Name 

Average 

Room 

Temper- 

ature 

Original 

Rates 

After 
Coming 
Out of 

E C B 

After 

Cold 

Proced- 

ures 

Highest 
Mouth 
Temper- 
atui es 

Smi 

26 C 

67 

10 0 

85 

37 5 C 

Schu 

24 C 

47 

11 5 

45 

37 7 0 

Wood 

24 C 

53 

10 0 6 

52 

37 3 C 

Per 

24 C 

5 0* 

11 0 

5 2* 

37 5 C 


In Table 5 are recorded the effect of cold showers as ordmarily taken 
by vigorous young adults The rates were taken before undressmg, after 
undressmg and finally directly after drying, the mdividual bemg lightly 
covered with a blanket 


Table 5 — Cold Showees 


Name 

Room Tem- 

Dressed 

Undressed 

After 

Mouth Temperatures 


perature 



Shower 

Before 

After 

Hew 

25 C 

62 

67 

4 4-5 8 

37 0 0 

36 6 0 

War 

25 C 

20 

24 

5 9 

36 7 0 

37 2 0 

Hoy 

25 C 

26 

3 8* 

4 1 

37 0 0 

36 9 0 
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In these last two sets of obseivations the apparatus was taken off and 
applied seveial times The cold pioceduies were accompanied by consid- 
erable exeicise and ueie followed by a vigorous lubbing with a towel 
While it was impossible to obtain as many lecoids m these caseS;, and 
uliile the immediate effects of piocedures could not be followed, yet they 
represent moie accurately the changes which occur m practical bath 
treatments 

EFFECT OF HOT PROCEDUEES 

As Iiot procedures, the full tub bath, the hot air bath and the electric 
cabinet bath weie used and these ivere continued until the mdividuals 
perspired piofuselj During these applications of heat the mouth temper- 
atures invariably rose During the hot an and the electric cabinet baths, 
the mouth temperatuies lose to at least 37 2 C, and usually to 37 5 C 
or 37 7 C In the full tub baths the individuals were partly covered with 
hot uatei (41 C to 43 C ), and the body temperatures usually lose above 
37 8 C and frequently above 38 C During these hot procedures the rate 
of blood-flow through the aim invariably increased, never being below 
10 c c per 100 c c of arm substance per minute, and often exceeding 
20 c c These lates were from two to ten times the original rates, but 
this ratio seemed to depend more on the original than on the final rate 
The flow mci eased, even though the arm itself was not directly exposed 
to high temperatures Wliile m general the acceleration of flow was 
greater when the mouth temperatuie was high, there seemed to be no 
strict parallelism between the two 

When the hot pioceduies were over and the individuals were exposed 
to ordinary room temperatures, a fall occurred in the rate of blood-flow 
through the aim, usually reaching 70 per cent or less of the highest 
previous rate In one patient (Table 1 Cha ), who was quite unaccus- 
tomed to baths, the rate rose during the hot tub bath from 2 ec per 
100 c c of arm substance per minute to 14 c c , but it fell to the original 
rate when the hot water was let out of the tub The body temperature 
at this time was 37 8 C , and we regarded this abrupt fall as pathological 
The results obtained on the patients of the psychopathic hospital 
(Table 4) showed rather less than the customary accelerations of blood- 
flow after the electric cabinet bath Two causes contributed to produce 
this result One was the initial warm temperature of the room, which 
gave these patients relatively rapid rates before entering the cabinet The 
other was the fact that our apparatus was reapplied after the patients had 
come out of the cabinet, and that during the elapsed time the rates 
probably fell below what they had been m the cabinet 

EFFECT OF COLD PROCEDURES 

The effect of simple cold procedures following the hot procedures was 
quite uniform in that they always caused a fall in the rate of flow through 
the arm The extent of this fall varied greatly In some the cold reduced 
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the flow to less than the oiigmal late while in otheis the i eduction was 
innch less maiked, and the flow was left considerably above the original, 
though usually below that produced by heat In a geneial way, when no 
exercise was taken and no friction was given, the late of blood-flow was 
more apt to remain above the original late if the body temperatuie had 
been much elevated by the precedmg heat In such cases the mdividuals 
usually took the cold showeis with ease and were left warm and exhil- 
arated, reactions being obtained without exercise or friction 

When piimary cold proceduies were given without exeicise and with- 
out friction, or when repeated cold procedures without these were given 
aftei hot ones, the rate of flow through the arm was reduced by each 
shower This result was obtained both when the aim studied had been 
directly exposed to the cold water and when it had been protected by 
being enclosed in the plethysmograph 

Attempts were made repeatedly to obtain records during the cold 
showers but the results were lathei unsatisfactory, partly on account of 
involuntary movements of the mdividual and partly because it was diffi- 
cult to protect the plethysmograph fiom the cold spiay which caused 
the enclosed air to shrink We frequently gained the impression, how- 
ever, that the flow during the showei was somewhat slower than it was 
a few minutes later 

EFFECT OF VARIATIONS IN BODY TEMPERATURE 

Warm procedures invariably raised the mouth temperatures to some 
extent In our experiments this was most marked in those taking hot 
water tub baths which usually raised the temperatuie to 37 9 C oi over 
When hot air or electiic cabinet baths were used, the uses in temperature 
were less marked but the mouth recoids often exceeded 37 5 C The moie 
marked effect of hot watei baths is due in part to the high specific heat 
of water but still moie to the fact that they prevented evaporation from 
the portions of the body immersed in water so that the individuals lost 
this method of maintainmg their normal temperatures During cold 
procedures the body temperatures were not reduced below the noimal 
in a large number of therapeutic tieatments studied, but when cold pro- 
cedures were given without following tire customary rules of hydiotheiapy, 
it frequently happened that the mouth temperatures fell below 36 7 C 

To what extent do these variations in the body temperatuie influence 
the blood-flow in the arm and the various phenomena accompanying 
hydrotherapeutic treatments^ The effect of the body temperatuie is 
naturally a general one and not dependent on the point at which the 
thermic application is made It must, theiefore, be distmguished from 
the local effect of hot or cold water which usually exceeds the distant 
effects It would seem fiom experimental evidence that such distant 
effects of hot procedures may be produced either by reflexes excited bi 



HE\VLErT—VAX Z^\ SLUWENBVRG—MARSHALL 


G03 


stimulation of the theinue sense oigans m the slan^--^^ or bv changes 
m the tempeiatuie ot the caiotid blood which supplies the biain The 
lelative inipoitance of these factors in piodueing the cnculatory changes 
of man dm mg the therapeutic use of watei has not been caiefully studied 
by scientific methods, though lecent writeis^^ have usually assumed that 
distant effects aie caused by leflexes aiising fiom the cutaneous thermic 
sense organs and acting on the peiipheial vessels by way of the vasomotoi 
centei 

Several facts indicate that the body tempeiatuie is a factor which 
cannot be neglected in this connection The oidinaiy measures used in 
theiapeutic institutes foi hydiotherapy emphasize the impoitance of 
pi eventing heat losses fiom the body The looms aie kept unusually 



Fig 4 — Tiie relation between the mouth tempeiature and the blood-flow in 
the arm during a hot tub bath Note that the rate rose at the beginning of the 
bath before the mouth temperature showed a change, also that the rate fell when 
the water ran out while the mouth temperature was still above 38 C 

warm, the cold pioceduies are short, and individuals not accustomed to 
baths aie given pieliminary hot procedures In our experience when the 
body temperature is reduced, cold procedures are apt to leave the indi- 
viduals chilly and with a slow peripheral rate of flow After hot water 
baths, on the other hand, where the body temperature is considerably 
elevated, cold procedures are borne unusually well, even though the room 
IS cold The one exception to this rule which we observed (Cha , Table 1) 
was regarded as a pathological chilling on exposure to a cool room after 
a warm procedure 

In order to study moie accurately the relation between the effect of 
theimic stimuli and the effect of body temperatures, two experiments 
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were performed in winch an effoit was made to distinguish these factors 
The experiments were performed m a cool room (18 5 C ) , the indi- 
viduals were given hot tub baths, and the body temperatures were raised 
to about 38 4 C The water was then lun out of the tub and the mdivid- 
uals left exposed to the cool air of the room until the mouth temperatures 
fell to normal A series of readings were made of the mouth tempera- 
tures and of the rates of flow through the arm Essentially the same 
results were found in both experiments but the more striking of the two 
are shown in Eigure 4 

In Figure 4 it will be seen that the original rate of about 6 e c fell 
under the influence of a cool room and partial exposure to 4 c c The 
individual then undressed and was covered with a light blanket, the late 
at the end of this being 6 5 c c The tub was filled with water of a 
temperature of 41 7 C , and the rate of blood-flow rose almost immedi- 
atel}' to above 10 c c This change occurred before any rise in the mouth 
temperature was recorded As the body temperature rose, the rate of 
blood-flow took a slightly higher level and finally with the body temper- 
ature of 38 C the blood-flow reached a high mark of 19 c c In the other 
experiment this secondary rise of blood-flow did not occur When the 
water was run out of the tub and the individual was exposed to the cold 
air of the room, the rate of blood-flow fell almost immediately to the 
neighborhood of 6 c c , although at this time the mouth temperature 
remained above 38 C A marked fall in blood-flow did not occur until 
the temperature reached 37 3 C , when the rate fell somewhat below the 
original rate 

In these experiments we have a clear demonstration that the rate of 
blood-flow in the arm which was kept continuously in the air plethysmo- 
graph vai red independently of the body temperature The rate increased 
promptly when the body was covered with hot water and before the body 
temperature was raised and it fell promptly when the water was let out, 
although the body temperature remained high We believe, however, that 
the experiments also showed a definite effect of the elevation of body 
temperature From our experience, naked exposures to a room temper- 
ature of 18 5 C should send down the rate much more than what was 
found seven minutes after the hot bath It seems piobable that the 
elevated body temperature prevented a still further fall of blood-flow 
In contrast to these observations we have noted on several occasions that 
when the body temperature was slightly subnormal, exposure to a cool 
room almost immediately reduced the flow to the neighborhood of 1 c c , 
and the mdividual became very chilly We believe that these experiments 
indicate that while the external temperature exercises a more powerful 
effect on the peripheral blood-flow than does the body temperature, the 
effect of the latter should not be neglected In practical hydrotherapy the 
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slight elevations of teinpeiatuie caused by the hot pioceduies^ and the 
avoidance of excessive heat losses tend to pi event the excessive constriction 
of the vessels ivith chilling ivhich are apt to follow exposure to cold air 
or cold watei if the body tempeiature is noimal or subnormal 

THE EFEECT OF EXERCISE AND FRICTION 

V\i'e have alieady stated that in our experiments, cold procedures with- 
out exeicise oi fiiction were invaiiably accompanied by a fall in the rate 
of flow through the periphery (Tables 1, 2 and 3) This occurred even 
though the spiay did not last long and even though the subjects felt 
exhilarated and not chilly Similai lesults were obtamed when the arm 
was taken out of the plethysmogiaph and directly exposed to the spray 

In Table 5, however, it will be seen that m two of three individuals 
a piimaiy cold bath was followed by an acceleration in the peiipheral rate 
of flow Similai results were obtained on seveial occasions at the end of 
long tub expel iments when the mdividual took a final cold shower with 
exercise and lubbing (See foi example the first experiment in Table 2 ) 
It Mould appear fiom a comparison of oui results that when an acceler- 
ation of flow occuis after primary cold procedures, it is due to the exercise 
and friction with udiich these aie accompanied This was especially 
noticeable in Table 5, Wai , who showed the most marked increase of 
flow, was unaccustomed to showers, took a very short one, and exercised 
vigorously The difference in our results may have been due in part to 
the fact that ivhere the arm was kept continuously in the plethysmograph 
careful drying was not attempted and the rate was held down by the wet 
condition of the skm Under any circumstances, it is certain that primary 
cold procedures never accelerate the rate of flow through the arm to the 
same extent as do hot procedures In some cases a moderate acceleration 
IS obtained, in others the rate is not much changed When, however, the 
cold IS given without friction, exercise and drying, the rate of flow invari- 
ably falls as a result of the procedure 

THE REACTION 

The reaction after cold procedures plays an extremely important part 
in piactical hydrotherapy The patient is said to react well when he feels 
exhilarated and warm and when the skin becomes pink The absence 
of these — but especially the sense of chilliness — constitutes a failure 
to leact It IS not always easy to define a reaction This is especially 
true when the individual feels exhilarated and warm immediately after 
the cold procedure but becomes chilly on the least exposure or sponta- 
neously withm the next half hour or so The conditions which are used 
to favor reaction are preliminary hot treatments, warm rooms, short cold 
proceduies, and the use of exercise and friction 
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In oni experience, decided failures to react aie always associated with 
a slow peripheral late of flow This was seen especially in those experi- 
ments wheie successive spiays weie given to individuals who had been 
heated by a hot tub bath In these cases the chillmess indicative of the 
failure to react always occurred when the blood-flow in the arm had become 
unusually slow On the othei hand, even a fairly typical leaction was not 
necessaiily accompanied by a fast rate of blood-flow through the arm In 
some cases (Table 2 ) the late fell aftei a cold spray and yet the indi- 
viduals gave the appearance and had the sensations of fair reactions In 
such cases the led color of the skin must have been a purely local phenom- 
enon and not associated with a dilatation of the deepei vessels Usually 
the best reactions were seen when the late of blood-flow did not sink much 
below the oiiginal rate, and quite frequently it was moderately elevated 
during the reaction Our experiments seem to dispose finally of the old 
views of Wintermtz which have been subjected to a destructive criticism 
by Matthes,^ concerning the effect of cold and heat on the blood-flow in 
the arm Winter nitz believed that heat caused a “passive” dilatation of 
the vessels with slowing of the blood-current Numerous pnysiological 
experiments as well as our observations on man have shown that heat 
markedly accelerates the rate of blood-flow in an extremity The effect 
of cold, however, is moie complicated It is well recognized that under 
ordinary conditions cold contracts the blood-vessels and lessens the blood- 
flow Wlien intense cold is applied for some time, as in the case of an 
ice-bag, it causes a redness due to a dilatation of the local capillaries 
We are unable to say whether this is accompanied by an increased flow 
or not furthermore, in the reaction after cold procedures it has been 
assumed that there is dilatation of the blood-vessels, and Winternitz went 
so far as to state that this “active” dilatation, m contradistinction to the 
dilatation caused by heat, is accompanied by an inci eased flow Oui 
expeiiments indicate that while the blood-flow may be increased during 
reaction this is never very marked and it is never increased to the same 
extent as it is during hot procedures 

On the other hand, we frequently obtained the impression that a 
secondary dilatation of the blood-vessels may occur following cold pro- 
cedures independently of the immediate effect of exercise and friction, 
though it was difficult to be certain that this dilatation did not result 
merely from the cessation of the cold stimulus In one case (Table 5, 
Hew ) , however, we had an unusually clear association between the glow of 
a reaction and an increase in the rate of blood-flow In this experiment 
the original rates of flow varied from 5 5 e c to 7 3 c c Immediately 
after undressing a rate of 6 7 c c was obtamed, but a cold draft from the 
room in which the cold shower was running caused a momentary chilliness 
Mith reduction of the rate to 4: cc An ordinary cold shower was then 
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taken, i’oIlotMiig nhieh the individual diied himself, letuined to the tub, 
and nas loosel}^ coveied with a diy blanket The lates of flow taken 
immediately aftei weie 4 8 c c and 4 2 c c , and at this time he still felt 
a little cold fiom the watei Aftei the second deteimination a feeling 
ot uaimth was expeiienced, and with this the late of flow increased to 
o 6 c c and 6 e c In this case the feeling of waimth and the increased 
lates ueie not due to the immediate effect of exeicise oi friction because 
they occuried when the individual was at lest This glow with normal oi 
somewhat inci eased late of flow ma} occui even though the body temper - 
atuie IS subnormal We were able to demonstiate this repeatedly when 
cold shoveis with exercise and fiiction weie taken at the end of long tub 
exposures While it is possible thus to raise the rate by the oidmary cold 
shown in vigorous individuals uitli subnoimal temperatures, and while 
at the time these induiduals often feel momentarily exhilarated and 
warm, it wus noticed repeatedly that they were at the same time very 
-ensitne to chilling influences and that a slight draft would cause a 
chilling sensation with a marked slow ing of the rate It was also noticed 
that when these individuals remained quiet in a room of ordinary temper- 
ature the glow' was apt to be followed by chillness It seemed to us there- 
fore that w'hile a momentary reaction may be produced when the bod} 
temperature is subnormal, such a leaction is apt to be fleeting and fol- 
lowed by chillness on slight exposure 

Oui experiments suppoit the general practice in hydrotherapeutic 
looms of preventing such heat losses that the body tempei atuie is lowered 
Even when this is done, some individuals (Table 1, Cha ) may chill when 
exposed to cold an oi cold water The ideal conditions for a reaction 
after cold are attained when exercise and friction are used, the room is 
warm, and the body temperature is not allowed to fall below the normal 

CONCLUSIONS 

1 When hot water is applied to the arm, the local rate may be 
increased from four to eight times, and when cold is applied the local rate 
may fall to one-half or one-fourth of the original 

2 These variations are often associated with similar, though less- 
marked changes in the blood-flow in the opposite aim The latter is also 
influenced by the room temperatuie and the chillness or warmth of the 
individual 

3 A diminution of the contiactile pow'ei of the vessels may occur 
aftei exposure to excessively hot water 

4 General hot procedures cause a maiked acceleration in the blood- 
flow through the arm, and general cold procedures without exercise, fric- 
tion 01 drying decrease the blood-flow in the arm 
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5 Wlien exercise^ fiiction and drying are given with cold procedures, 
the slowing may be moie or less neutialized and the rate may even be 
raised somewhat above the original 

6 Acceleration of blood-flow in an arm not directly exposed to the 
hot procedure is due m the mam to reflexes excited by thermic stimula- 
tion of the cutaneous sense organs The use of body temperature, how- 
ever, tends to prevent an excessive conti action of the peripheral vessels 
when the individual is exposed to cold 

7 If the body temperature is subnormal an immediate reaction may 
follow cold procedures which are accompanied by friction and exercise, 
but the individual is liable to become chilly later 

8 Eeaetions are usually, but not necessarily, accompanied by normal 
or moderately inei eased rates of flow 

902 Baldwin Avenue 
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AN INVESTIGxmON OF THE DEPEESSOE ACTION OP 
PITHITAEY EXTEACTS •« 


CAREY P jMcCORD, M D 

ANN AttBOB, illCU 

I INTRODUCTION" 

It IS geneially conceded that intravenous injections of the extiact of 
the infundibular poition of the pituitaiy gland cause a use in blood- 
pressure, that this use is duetto a peiipheral constiiction of blood-vessels, 
and that when lepeated injections aie made, the use in piessuie dimin- 
ishes with each mjection until a fall in pressure oceuis This change 
in the efiect of repeatedly administeied injections of pituitaiy extracts is 
designated as its “depiessoi action” No attempt will be made heie to 
covei with detailed refeiences the previous woik on this subject, which 
is readily accessible in a recent aiticle by Wiggeis ^ 

A brief summaiy of the commonly accepted interpretation of these 
results seems, however, necessary In 1899 Schafer and Vincent- sug- 
gested that extiacts of the pituitaiy gland contained two substances, one 
having a pressoi, the othei a depiessoi effect, the former inducing a 
constriction of arterioles, the lattei a dilatation After repeated injections 
of the extract of pituitary gland, the pressor substance lost and the 
depressoi retained its influence on the blood-vessels, so that the rise in 
piessure was giadually replaced by a fall A perusal of the work of 
Schafer and his co-workers emphasizes the fact, however, that this must 
be regarded as a plausible explanation rather than, as is commonly 
assumed, a demonstiated fact, for they not only failed to isolate these 
substances chemically,^ but they have not excluded the following possi- 
bilities of error, namely, (1) the decreased cardiac output may be 
accountable for the fall of blood-pressure, (2) an increased central 
dilator action develops, overpowering the peripheral constriction, (3) 
lack of proof that the peripheral vessels dilated when the fall of pressure 
occurs, (4) repeated injections can convert the constriction of peripheral 
origin into a dilation 

The scope of this research was limited to the solution of some of 
these undetermined problems by more direct experimental methods, and 

♦From the Research Laboratories of Parke, Davis and Company, Detroit 

1 Wiggers Jour Med Sc , 1911, exli. No 4, p 502 

2 Schafer and Vincent Jour Pbys , 1899, xxiv, 19, Jour Phys , 1900, 
XXV, 87 

3 Schafer and Herring Phil Tr , Roy Soc London, senes B, 1908, cxcix, 1 
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otliei facts legardmg this ding’s action weie touched on only as necessity 
demanded By this means, it was hoped to throw additional light on 
the nature of the depiessoi action of pituitaiy extiacts 

II aiATERIAL AND METHODS USED 

The infimdibular portion of the gland ivas giound up and diied 
without any pieseivative A solution of this material m Locke’s solution 
was made of such stiength, that each c e of the solution equaled 0 1 gm 
of fresh gland This was then heated on a steam bath, so as to precipi- 
tate partly the piotein material, which was later separated by filteiing 
The solution had a specific gravity of 1 010 This preparation deteiioi- 
ated on standing When the solution was sterilized, it kept permanently 
This preparation which was made each day was used as a standard of 
all the work, and is the one referred to throughout the paper unless 
special designation is made At times, however, a solution made in the 
same way, but of greater strength, was used Pituitrin, the preparation 
which has been described by Aldrich, was also employed ^ 

For these experiments both dogs and labbits were used, but pimci- 
pally the former The anesthetic was uniformly ehloretone (0 3 gm 
per kilo of body weight) in oil, m 3 eeted intrapeiitoneally In dogs a 
subcutaneous injection of moiphin preceded the administration ot 
ehloretone The external jugular vein was exposed for injections The 
blood-pressure was recorded through the carotid aiteiy, by means of 
mercury oi Hurthle’s manometers The contractions of the dog’s heart 
were recorded by means of the caidiac oncometer The cardiograph was 
used in case of the rabbit In all experiments on dogs the breathing was 
natural After the insertion of the oncometei the chest was sewed up, 
stitches being taken through the cut inter costals, through the muscles 
of the chest and through the skin The site of the incision was covered 
with a mixture of petrolatum and wax, which rendered the thorax air- 
tight The respirations were recorded by the transmission of the changes 
in intrathoracic pressure through a thoracic cannula Durmg the period 
in which the chest was open, artificial respiration was given in the manner 
common to laboratories 

III THE EFFECT OF BLOOD-PEESSUKE 

The blood-pressure phenomena arising from the intravenous rnjection 
of extracts of the piturtary gland into anesthetized animals are in no 
wise peculiar to this particular work, but correspond to the results 
reported generally The results from the initial injection, allowing 
for normal variations, are constant and the tracmgs typical Within a 
few seconds of the injection, the blood-pressure rises abruptly and 

4 Aldneh Am Jour Phys , Pioc Soc, 1908, wi, 23 
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sliaiply, the caidiac oscillation inci eases in si/e, and the heart-iate is 
slowed. A tiaeing piesentmg these results may be designated as a 
^‘typical pituitaiy cmve^’ Howevei, a numbei of variations are observed 
such as instances (1) in which no slowing up occurs, (2) in which, as 
the summit of the pressure height is neared, a slight and often impei- 
ceptible fall in piessuie takes place (this fall in piessure is veiy tiansient, 
and the mciease in piessure is soon resumed and generally reaches a 
point above that prior to the fall), oi (3) in which, after a giadual fall a 
‘second slight inciease in pressuie occurs (Fig 1) The second and 
third variations occur veiy frequently in rabbits but only to a limited 
extent in dogs. 

The rise of piessure peisists foi a consideiable tune, but generally 
appioaches noimal again within ten minutes, and only in exceptional 
cases remains above noimal foi a peiiod of twenty mmutes The first 
fiepeat dose” in dogs is not inactive, as has been shown by Schafer, for 
othei animals In none of these experiments did a second injection fail 
to produce a sharp rise in pressuie In rabbits, however, a large numbei 
of second mjections weie inefieetive or caused a fall in pressure In 
dogs the use following the second injection is much moie gradual, and 
the extent and duration of the rise is not so pronounced as after the 
first injection This progiessive lessening and lagging in the rise m 
piessuie may be obtained for four oi five injections, after which time 
the substance fails to act oi else causes a depressor effect (Fig 2) 

All further experiments weie instituted m an attempt to explain 
these blood-piessure variations 

IV ACTION ON THE BLOOD-VESSELS 

Penpheial Action — Since the rise in pressure is mamly attributed 
to a peripheral action on the blood-vessels, an insight into the exact 
nature and extent of this action was attempted by the perfusion method 
The individual organs were isolated and perfused with a regularly inter- 
rupted stream of Lockers solution under constant pressure, and heated 
by passage through a condensing tube The outflow was constantly 
recorded, together with the oscillation of the perfusion pressure The 
preparation of pituitary extract, alieadj'^ described, was slowly injected 
into the circulating medium with a hypodermic syringe 

Kidney — Hinety-five injections were made Of these, eighty-five 
gave an initial constriction of the blood-vessels, while ten injections were 
followed by a dilation In sixty-flve a single vaso-constiiction with a 
quick return to noimal occurred In the remaining thirty a secondary 
action of various kinds was observed Five injections gave a constriction 
of the blood-vessels followed by a subsequent dilatation, five injections 
constricted the renal vessels permanently, ten of the injections causing 
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a primary constriction of tlie blood-vessels were followed by a secondary 
constriction; of the injections pioducing an initial dilatation, seven 
showed a secondaiy constriction In ninety-tivo of the total nmety-five 
experiments (97 per cent ) a constriction took place, and in only three 
(3 per cent ) was there a pure dilatation 

Repeated injections gave no evidence of fatigue on the part of the 
vessels As high as twenty mjections weie made on a single kidney, 
and the response to the drug was as prompt in the last as in the first 
After the fifth or sixth mjection, the amount of constriction was no 
longer constant owing to the edema of the organ Up to this point, how- 
ever, injections of equal quantities of pituitary extract gave the same 
amount of constriction (withm 2 per cent ) Since this is true, it is 
possible that herein lies a reliable method for the standardization of the 
preparations of this drug When a series of mjections were made with 
doses ranging from 03ec upto2cc, the amount of constriction was 
not proportional to the amount of the substance mjected For example, 
the constriction that followed an mjection of 3 c c was not double that 
which followed an injection of 1 c c 

Spleen — The numerous coUaleral vessels to ‘this organ were tied off 
The capsule was not removed as m the case of the kidneys A series of 
ten spleens were perfused following an mtroduction of 3 c c of 
pituitary extract the splenic vessels showed a constriction with an 
average decrease m outflow up to 60 per cent and a duration of the 
constriction of about two mmutes 

Liver — The livers of guinea-pigs were perfused through the portal 
vein Pituitary extract caused a constriction of the hepatic vessels 
which was not so marked as was obtamed with renal vessels but which 
persisted for a greater length of time 

Coronary Vessels — For perfusing the heart, Emger’s solution was 
used The caimula was placed m the descendmg branch of the left 
coronary artery, the heart being m standstill The transverse branch of 
the left coronary artery and the right coronary were tied off When 
dogs’ hearts were perfused by this method, the mjectiouvof the pituitary 
extract was always followed by a constriction of the coronary vessels 
Coronary vessels which responded readily to both adrenalin and pituitrm 
were mjected with ergotoxm, which paralyzes the nerve endings or 
myoneural junctions Subsequent mjections with adrenalin elicited no 
constriction, and m some cases even a dilatation occurred, while the 
constrictor action of the pituitrm was even more pionounced than before 
the mjection of ergotoxm It would appear that adrenalin and pituitary 
extract have not a common pomt of action, and that the muscle fiber 
itself is the pomt of action for the latter 
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Lungs — Solitai}' lobes of the hmg of guinea-pigs were peifiised 
The lobe was inflated thiough the bionchus and tied off, so that the 
inflation Mas niaintained thioiighout the expeiiinent Unless this ivas 
lesoited to, the changes in the vessel wall M^eie not appaient, since the 
an spaces would peiniit alteiations to take place in the vessels ivliich 
■would not allect the lecoiding appaiatus Aftei this piecaution had 
been taken, it could be seen that the in3ection of pituitaiy extract pro- 
duced a constiiction of the blood-vessels 

Emhigonit Vessels — The bodies of unboin pups iveie peifused 
thiough the thoiacic aoita The thoiacic veins iveie cut to allow an 
eas} outflow foi the pei fusing fluid Both adienalin and pituitiin we^e 





Fig 1 —A, blood-piessuie tracing showing typical effect of pituitaiy evtiact 
B and C, vanation types 

injected, and the response fiom each consisted in a niaiked constiiction 
of the blood-vessels 

Limbs — In one expeiiinent the lower limb of a living and intact 
animal was peifused thiough the femoral artery The sciatic nerve was 
dissected and the thigh, exclusive of this neive, was tied off with a 
bandage fiom the othei paits of the body A constiiction, such as had 
been seen in the othei expeiinients, took place heie on the injection of 
pituitiin 

StimmcLi y — These expeiinients show that the pituitaiy extract acts 
on all the vessels of the body, and that the action is similar in quality 
foi all paits of the body, though the intensity and duration of the action 
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vanes slightly in diffeient oigans Tlieie is no indication that the 
peiipheial mechanism becomes latigned on repeated admmistiation of 
the substance, foi with lepeated admmistiation there ma} be lepeated 
constriction of the blood-i essels 

Centml Netvous Action — Since peifusion expeiiments failed to 
show any change in leaction of the peiipheial vessels m any oigan 
aftei lepeated injections, it seemed that the tall m piessuie must be 
due to a cential action Sollmann and Pilchei,® in then evpeiiments 
on the cential neiious action of dings, have shown that pituitaiy extiact 
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Fjg 2 — Eflect of consecutive injections of equal amounts of pituitaiy extiact 
on blood pressuie of rabbit 


may cause a dilatation of the splenic vessels by leason of an action on 
the nervous system By the use ot a similai method, it was hoped to 
deteimine whethei the fall in blood-pressuie after repeated injections 
ot pituitarj extract was due to an inciease of this dilatoi action of the 
central nei\ous system or to a diminution of the peiipheial constiictoi 
action In this vork, dogs not exceeding 12 kilos were used Artificial 
lespiration vas gnen during the first part of the experiment The 


5 Sollmann and Pi Icbei Joui Pliaiinacol Exp Theiap, I'llO, i 571 



CAREY P M'CORD 


G15 


tlioiax \\as opened and the heait was placed in an oncometei, aftei which 
the tlioiax was closed and the volume changes of the heart lecorded 
dining natiiidl lespiiation The eaiotid was exposed foi lecordmg the 
blood-piessiiie The kidne} was bioiight to the siiiface through as 
small an opening as possible The tatty mass aioiind it was carefully 
lemoved and the vein and aitei> weie exposed, care being taken to pre- 
seive tioni iniuiy the nenes iiinnmg along the vessels The renal 
aitei\ \sa& clamped olt near the aoita and cut A cannula was inseited 
into the leual end The vein was then ligated and cut peripheially to 
the ligatuie Tiie fibious capsule of the kidncv was paitially lemoved 
The kidney, Avhicli was coiiiieeted with the bod\ only thiough the nerve 
supply, was then peitused with a ihythmical stieani of Locke’s solution 
and the oscillations lecoided by a lluithle manometei “ Pitiiitaiy extract 



Fig 3 — Peifubion of kidney with neive supply intact B, P, carotid blood- 
piesbuie, P P, peifusioii piessuie (aftei icpeited injection of e\tiact) 


was now injected into the jugulai vein At the time tlie caiotid pressure 
Avas highest, the diastolic peifusion piessuie supplying the kidney fell 
slightly, indicating that a dilatation of the lenal vessels had taken place 
through an effect on the vasomotoi centei The peifusion Avas then 
discontinued to pi event the niaiked edema Avhich occurs Avhen the capsule 
IS not removed Eepeated injections of pitiiitaiy extiact Avere then 
given, until the animal reacted by a fall m piessuie, as was shoAvn by 
the carotid tracing The peifusion Avas then resumed On a further 
injection of the pituitary extiact into the jugulai vein, a dilatation of the 
vessels and a fall in carotid pressure took place, and at the same time a 
dilatation occurred in the vessels of the perfused kidney (Pig 3) Thn 
dilatation, hoAvever, Avas not increased over that Avhich occurred intli 

G Wiggers Am Jour Phys , 1107, xx, 209 
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the use in blood-piessuie duimg the fiist pait of this expeiiment, this 
fact would indicate that the fall in blood-piessiiie is not due to an 
inciease of the dilatoi action of the cential neivous system This is 
fuithei substantiated bj' tlie tact that the dilatation of the lenal vessels 
comes on aftei the ma\inium fall in blood-piessuie has been leached^ 
and, m this case, the caiotid piessuie shows no indication of having 
been influenced by the neivous system (Tig 3) 

V THE EFFECT OH THE HEART 

Since it appeals that the subsequent tall of blood-piessuie after 
lepeated injections of pituitaiy extiacts is not due to a fatigue of the 
peripheial vessels, noi to a heightened influence of the dilator effect of 
the central neivous system, the influence excited by the lieait on the 
blood-pressuie was next deteimiiied 

The conclusions as to the influence of pituitaiy extiact on the heart 
weie based on the lesults obtained fiom 249 injections into the living 
animal (dogs, rabbits) and from the peifusion of eighteen rabbits’ hearts 



Fig 4 — Effect of pituitary extract Rise in blood piessuie (below) accom 
panied by a gradual depiession of the heart (Reduced to two-thuds original 
size ) 

In considering the effect on the amplitude of the heait’s eonti action, only 
those experiments were utilized in which actual caidiac tiacings were 
obtained Changes in the oscillations of the blood-piessuie, which have 
been interpreted by some investigatois on tins subject as chaiacteiistic 
of changes in the heart’s action, weie not accepted as such b} us 

Peifusion pel iinents — ^Locke’s solution was used foi the peifusion 
of the heart The ventricular piessuie was recoided by means of a 
cannula pushed tliiough the semilunai valves of the pulmonary orifice, 
down into the light ventiicle, this cannula being connected with a 
tambour The auricular pressure was recorded in a similai way through 
the inferior vena cava The peifusion fluid passed out through the 
superior vena cava , a cannula was placed in this vessel and was elevated 
to that height which would give a hydrostatic pressure proper to insure 
the recording of the auricular changes through the inferior vena cava 
The effects attending these experiments on the amplitude and rate of 
the heart-beat may he summarized as follows 
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Amplitude Ninetj-four pei cent of injections caused a deeiease 
in amplitude, 6 pei cent of injections caused no change in amplitude, 
one expel imeiit gave an mciease in amplitude 

Eate Seienty-five per cent of the lieaits weie slowed, 25 per cent 
of the heaits weie not affected, at no tune was the late mcieased 

In the liMiig animal neither the late noi the amplitude of the heait- 
beat shows the coiistaiic} that is found in the peifused heaits The 
heait IS affected by the pituitai) extiact thioiigh seveial avenues A 
vagus influence is excited and theie is a diiect action on the heait 
muscle as ivell These twm factois, ivitli combinations of the two, cieate 
a complex set of vaiiatioiis in late and amplitude The scope of this 

papei does not pei nut of the discussion of these vaiiations of the heart’s 

action pel se, but only as they affect the blood-piessuie Foi the piesent 

puipose it is sufiicient to say that in the gieatest numbei of these expeii- 

ments the heait’s late ivas model ately slow^ed eaily in the ding’s action 
and lemained so thiougliout the expeiiment The leniaming small pei- 



Fig 5 — Cardiograph tiaenig (above) showing a stiengtheiung of the heart, 
with a fall in caiotid piessuie (below) 

eentage of expeiinients is made up of the total of cases in which the 
late was not affected, cases in which the late was mcieased, and cases 
m w'hich the late was mcieased eaily but latei gave way to a slowing 
Similaily, the amplitude of the heait’s action after the administration 
of pituitary extiact showed an eaily giadiial depiession which was tj'pical 
The chief vaiiations weie a stiengthenmg action occuiimg early and a 
stiengthenmg action occuning late These vaiious actions on the heart 
are responsible for the following definite changes in the shape of the 
blood-pressure tracing 

1 When the amplitude and late of the heart aie gradually decreased 
from the stait, as in typical experiments, the changed cardiac output is 
not shown in the blood-pressuie tracing, except that the use of the curve 
as a whole is less pionouneed (Figs 1 and 4) 

2 Where the myograph tracing shows a marked and sudden depres- 
sion of the heart, due to the action of pituitary extiact, the blood- 
pressure shows a notch, occurring as the summit of the pressure height 
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IS leached, vaiying m sue and extent in piopoition to the extent and 
dniation of the lieait’s depiession (Fig IB) 

3 When the heait is stiengthened dining the eaily action of the 
ding, no notch is seen in the blood-piessuie cuive, and theie is no indica- 
tion oi the heait’s action 

4 The stiengthenmg of the heait which occasionally occuis late in 
the ding’s action, coming on aitei the height of the blood-piessiiie cuive 
has been passed and a fall is taking place, shows on the downwaid limb 
of the blood-piessuie tiacing as a tiansient and veiy teinpoiaiy ineiease 
in piessme (Fig 1 C ) 

5 Cases sonietinies oecui in uhich an eaily caidiac depiession causes 
fiist a notch oi hump in the blood-piessuie cuive, while a latei stiength- 
ening of the heait’s action pioduces a second notch and hump Caieful 



Fig 6 — A, effect of 2 cc of pituitaiy evtiact mixed with 50 cc of blood 
diawn fiom the animal B, effect of 2 cc alone 

sciutin} of the cuives indicates, howevei, that these depiessions in tlie 
blood-piessiiie aie not the same eithei in confoiination oi in time as 
those obtained aftei repeated doses of pituitaiy extract (Compaie Fig 
2 F with 1 B and 1 C ) 

It has been suggested by ^Ylggels^ that the depiessoi action of 
pituitary extract might be due to an incieased iveakenmg of the heait 
This suggestion has not been boine out by this work In the hist place, 
the weakening of the heait, as has been seen aliead}^, is not constant, 
and the fall in blood-piessure may occui even when the heait is stiength- 
ened (Fig 5) In the second place, the depiession in the action of the 
heait is not greater than uitli the first injection Thud, the tune rela- 
tions between the depression ot the lieaiFs action and the beginning of 
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the fall m piobsiiie aic not sinchionoiis These facts taken togethei 
exclude the posbibilit} ot attiibutmg the leal fall m piessme which is 
t}pical of lepeated injections to the caidiac dopiession 

Yl TiriJ BIOOl) 

Blood-piessiiie tiacings, illiistiating thi, effect of lepeated injections 
of pituitaii e.xtiact, ^how a giadation fiom the shaip, abiiipt use in 
piessuie following tlie hist injection, thioiigh a niiinbei in ivhich the 
use in piessme giadualh becomes less niaiked and less abiiipt, until the 
tiacings aie leached in whicli an actual fall of piessuie is obseived So 
unifoim and constant aie these giadatioii';, as the blood becomes moie 
satuiated with the substance, that a change in the diug bi ought about 
b} the action ot the blood itsell was looked on as the last possible cause 
foi its diminished actnitv and the fall in piessuie To test this pos«i- 
bilit}, howeiei, «e\cial expeiinients weie peitoimed 

ExetiiiMi X r 1 — Si\t^ cc of blood weie diawn fiom the femoial aiteiy of a 
dog This blood was defibi mated and hiteiod Iwo cc of pitmtim w'eie mixed 
with the blood, and the nnxtuie was allowed to stand foi fiom twelve to fifteen 
minutes The blood and pitniti in weie then injected into the animal thiough the 
jwgulai aein, the blood pies-uie being leeoided fiom the caiotid aiteiy Theie 
occuricd in e\ei\ case a fall m piessme, followed by a use (Fig 6) Both the 
fall and the iise m piessuie due to the ding weie somewhat masked by the use 
in picssine due to the incieased \ohime of blood Ihis action took place when 
the blood pitmtrm injection was given, but was much moie pionounced if an 
injection of pituitun alone was given pieviously As a contiol, an equal quantity 
of pitintnn in an amount of salt solution equalling that of the blood w'as injected 
aftei the injection ot the blood pituitun The le^ult w'as a sustained use in 
blood piessme 

ExPERiMLxr 2 — ^Iho femoial aiteiy was exposed and a cannula placed m its 
lamapiofunda A bandage was placed loosely aiound the thigh as high up as 
possible llie femoial aiteiy was then clamped off above, and 2 ce of pituitun 
weie injected into the laniapiofunda Ihe femoial arteiy was leleased and the 
bandage diaw'n tight, so tliat tlie letmn of blood to the lest of the body Avas 
cut ofl 111 this wajq the extiact was mixed with aiteual blood and distubuted 
to the gieatei pait of the limb At the end of fiom ten to fifteen minutes the 
bandage Avas cut and the blood alloAved to fiOAV into the geneial circulation A 
fall in piessuie occuued, togethei Autli a sloAVing of the heait When a limb 
Avas similaily bandaged, but Avithout pituitun injection, theie Avas no change in 
piessme when the bandage AA^as leleased 

Experijient 3 — A limited numbei of expeuments Avere earned out in Avliich 
the kidneys Aveie pei fused AVith blood Pituitun Avas injected into the living 
animal until the blood piessme fell The blood Avas diaAvn and defibiinated A 
mixtuie of tAAO paits of blood to one pait of salt solution Avas used both as pei 
fusing medium and as the solvent foi the pitiiitaiy extiact In this A\ay the 
specific giavity and viscosity of the pei fusing medium and of tlie mateual 
injected into the medium Aveie the same, thus excluding any change Avhieli might 
be attubuted to alteied viscosity Kidneys thus pei fused showeu a dilation of the 
blood vessels Avhen pituitai y exti act a\ as injected 

Since this woik has been completed, Cushing and Goetsch," Avoiking 
Avith the ceiebial fluid fiom patieuts wath tumor of the hypophjseal 

7 Cushing and Goetsch Am Jom Phjs, 1910, xxa'ii, 60 
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region, have obtained blood-pressnie ciiives following injections of this 
cerebral fluid, which they believed to contain the seeietion of the pituitaiy 
gland These tiacings aie veiy similai to the tiacings obtained by us 
in expel iments above, senes one and two 

Piom these experiments it seems clear that rvhenevei the pituitary 
extiact IS present in the blood oi lymph in sufficient concentration, the 
usual action of the extiact is reversed so that the substance causes a 
dilatation of the vessels and a fall m the piessiiie 

CONCLUSIONS 

1 The depiessoi action of pituitary extiact elicited by repeated 
injections is not due to the fatigue of any peripheral mechanism, neivous 
01 muscular Pei fusion expeiiments indicate that it constricts all the 
blood-vessels of the bodv by a direct action on the muscles of the aiteiioles, 
and often repeated injections show practically no decrease in the con- 
strictor leaction 

Organs removed from animals giving only a depressor reaction with 
pituitary extiact show^ on perfusion w'lth the extiact in Locke’s solution 
the typical constiiction of then vessels 

2 The depression of blood-piessuie followang numerous injection •> 
of pituitary extiact is not due to an overbalancing of peiipheial con- 
striction by a cential dilator influence Such a conn tei acting dilalo^ 
influence of central origin is ahvays rveak and no nioie pronounced aftei 
repeated than aftei the initial reaction, and moreover it does not come 
on until the fall of pressure is at its lowest 

3 Sudden depression oi slowing of the heart, though occasionally 
showing as a notch in the blood-piessuie records, is not the cause of the 
typical drop in pressure obtained aftei repeated injections, for such 
depression is not similar eithei in confoimation oi in time to the depres- 
sion obtained by the latter means, and may in fact exceptionally occur 
with a strengthened heart 

4 Experiments indicate that when the blood becomes suffieientlY 
saturated with pituitary extract, an interaction takes place which con- 
verts its constricting action on the peripheial vessels into a dilating one 
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OBSERVATIONS ON THE HEMOLYTIC SKIN TEST 

FOR CANCER 


LOUIS M WARFIELD, MD 

ailLWAOKEE, WIS 

In Februaiy, 1910^ appeared an article by Elsberg, Neubof and Geist^ 
describing a skin reaction in carcinoma from the subcutaneous injection 
of human red blood-cells The results which they obtained were so 
remarkable that, weie they correct, we should have probably the most 
valuable test yet discovered for the diagnosis of carcinoma The test, 
m biief, consists in the subcutaneous injection of 5 minims of a 20 per 
cent suspension of washed human red cells into the flexor surface of the 
forearm of the individual suspected of having cancer A positive reaction 
consisted in the appearance within six hours of a ‘^somewhat n regular 
oval area with a well-defined maigm measuring from 1 by 2 cm to 
3 by 5 cm The margm is often surrounded by a whitish areola The 
color of the lesion varies from a brownish-red to a maroon with, rarely, 
a bluish tmge The lesion is distinctly raised from the surroundmg skin 
surface At times this elevation is so slight that careful examination in 
good daylight is necessary to recognize it When the lesion has 

disappeared, there remams behind a flat yellowish or greenish discolor- 
ation such as is left by any small ecchymosis ” 

Up to the tune of publication they had made 684 injections on 432 
patients with the following summarized results A positive reaction was 
found in 90 per cent of patients with carcinoma (excepting the very 
advanced) No reaction was observed in 94 per cent of patients suffeiing 
from other diseases A reaction of this nature would undoubtedly be of 
inestimable value in the diagnosis of obscure cases where cancer was 
suspected 

The source of the corpuscle suspension was described in detail and 
hedged about with numerous restrictions ‘‘Tuberculosis and syphilis 
must be excluded, the patient must not only be free from any evidence of 
disease, but must not have been recently ill, nor have received any injury, 
must not have had even the slightest operation, and must not have 
recently had an anesthetic The blood can, however, be taken 

from a patient during the early stages of ether anesthesia” They 
obtained their blood from children m hospital who were to be operated 
on for hernia 

•From the Clinical Pathological Laboratory of the Milwaukee County 
Hospital 

1 Elsberg, Neuhof and Geist Am Jour Med Sc, 1910, exxxix, 264 
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It was a very inter estmg suggestion of Elsberg that hemolysis of 
human red blood-cells be tried not on serum of cancer patients but w 
VIVO, the foreign red cells there being bathed in plasma so that any amount, 
however small, would be brought to the part and produce the hemolysis 
The suggestion would undoubtedly have proved of great value, had it 
been founded on actual, accurate results with hemolysis in vitro I shall 
examine the evidence now accumulated m regard to the specificity of the 
hemolysis of human red blood-cells by serum of cancer patients, and then 
I shall briefly relate the results of personal experiments. 

I GENERAL REVIEW OP HEMOLYTIC EXPERIl^IENTS 

Engel,- and later Mertens,® could not prove the existence of specific 
antibodies {Ki ebssub stamen) in the serums of cancer patients EischeP 
found that m about one-half of cases of malignant tumors, the serum had 
an increased hemolytic power compared with serum from normal persons 
He worked with human serums and red cells of chickens He showed sim- 
ilar hemolytic powei in serums fiom cases of diabetes, pernicious anemia, 
chronic endocarditis and tuberculosis Weil,® using human red blood- 
cells, found results absolutely in accord with those of Eischel The 
reaction is not specific for tumors (cancers) 

Crile,® however, was led to test the blood serum of cancer patients 
against suspensions of normal human red cells, although it was Imown 
that there was no specific hemolytic reaction His results were most 
astounding For example, up to 1908 he had studied 591 cases Of 
these, 211 serums of normal individuals showed no hemolysis In 153 
eases of cancer there were 85 per cent positive hemolytic serums But 
in 92 per cent of cases of tuberculosis there was reversed hemolysis, i e , 
normal serum hemolyzed the coipuscles of the tuberculous patients This 
work of Crile has not been confirmed, on the contrary, no one has been 
able to obtain such constant results in hemolysis 

B WeiB states that human serum in various diseases is occasionally 
hemolytic toward the corpuscles of other human individuals He found 
that extracts of lymphosarcoma of dogs were not hemolytic for dogs’ 
corpuscles, but necrotic tumors possessed a high hemolytic power He 
further showed that in some dogs with necrotic tumors, the seiums were 
hemolytic in some degree for all dog red corpuscles Hormal dog serum 
IS rarely hemolytic 

2 Engel, C S Deutsch med Wchnschr , 1903, xxix, 897 

3 Mertens, V E Deutsch med Wchnschr , 1904-, xxx, 203 

4 Eischel, W Berl klin Wchnschr , 1908, p 882 

5 Weil, R Jour Am Med Assn , 1908, li, 158 

6 Crile Jour Am Med Assn , 1908, li, 2036 

7 Weil, R Jour Med Research, 1908, xix, 281 
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Ottenberg and Epstein® performed many tests with serums of patients 
on washed red corpuscles of othei patients, in an attempt to test the 
value of the hemolytic reaction m cases of cancel Their expeiiments 
were performed in groups, every serum being tried in turn on the washed 
red cells of every other number of the group While they found that the 
serums of sub 3 ects with malignant tumors were hemolytic in 76 per cent , 
in all other diseases tried the serums were hemolytic in 50 per cent 
They say, “as a result of this work, the chief object of which has been to 
determme the value of isohemolytic reactions in diagnosis, we are forced 
to the unsatisfactory conclusion that the method is not at present to be 
relied on for diagnosis ” 

In a further attempt to show the presence of hemolysins in body 
fluids, E Well® tested the lytic reactions of ascitic fluids from cases of 
spontaneously^ cured cancer (HodenpyFs case), from other cases of long 
standing, apparently quiescent, cancers and fluids of transudates He 
used the red cells of fifty-three persons of whom twelve had cancer “All 
of the fluids occasionally manifested hemolytic properties, and, in the case 
of some, this was more general than in others It was not, however, 
possible to distinguish the cancerous fluids m any way by their mode of 
reaction, despite the fact that the blood serum of cancerous individuals 
has, m general, been found by previous workers to possess more marked 
hemolytic properties than the normal ” 

The general conclusions reached by all investigators except Crile is 
that there is nothing specific in the hemolysis of normal human red cells 
by the serums or cancerous fluids of patients suffering from cancer Such 
a reaction is not available as a means of diagnosing cancer, although 
serums of patients with necrotic tumors (cancers) do seem to have a 
marked hemolytic power on normal red cells 

II PERSONAL OBSERVATIONS 

The results of the observations made on seventy-four patients suffeiing 
from a variety of diseases, including carcinoma, are graphically shown m 
the tables The last table is a summary of the work. The blood was taken 
from perfectly healthy young adults, washed in several changes of normal 
salt solution and made up to the desired percentage suspension 

It seemed possible that several factors might influence the reaction 
in VIVO (1) The volume of injected suspension, (3) the concentration 
of the suspension, and (3) the relation of the subcutaneous tissue to the 
skin, that is, whether the skin was loosely or tightly adherent to the subcu- 
taneous tissues Several injections of red cells hemolyzed with distilled 
water were made in order to see what appearance would result, as it 

8 Ottenberg and Epstein The Akchives Int Med , 1909, iii, 467 

9 Weil, R Jour Med Research, 1910, xxiii, 85 




lalsed Slight "black and blue” spot 





TABLE 2 —OBSERVATION 2— NINETEEN CASES 

Blood from same man, 4 days old, no laklng seen Site of injection, foieaim Amount Injected 5 minims Time 11 a 
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TABLE G —OBSERVATION G — EIGHT CASES 

Blood from lieallby white female, aged 23 Site of injection, uppei left aim over biceps Amount 10 minims Suspension 20 pei cent corpuscles 

lime 10 30 a m , Apiil 1, 1910 Examined aftei six and twentj-foui hours 
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THE ARCHIVES OF INTERNAL MEDICINE 


seemed doubtful whether injections beneath the skin into the subcuta- 
neous tissues would show through the skin This at once raises the 
question of the value of a color reaction, for some skins are much thinner 
and moie transparent than others As the table shows, all such injections 
revealed maiked discoloration Again, it is doubtful if any large amount 
of plasma can come in contact with the injected red-cell suspension The 
injection is a foreign substance, and the body cells must react toward it 
as they do towaid any foreign substance That some action does take 
place at times seems certam, because there are times when there is evi- 
dence that the hemoglobin of the injected cells has been released into the 
tissues The cuiious ‘Tlack-and-blue” spot simulating ecchymosis fiom 
a bruise seems to prove this On the contrary, in ceitain persons the 
injected cells must be absorbed very quickly, for there is no evidence to 
reveal the mjeetion hTo explanation is offeied for these phenomena 
It IS evident from a perusal of Tables 1 and 2 that there is no regu- 
larity in regard to the hemolytic reaction The statement of Weil is 


TABLE 8— SUMMARY OF SEVENTY FOUR C VSES FROM PREVIOUS TABLES 


Disease 

No Cases 

Pos 

Neg 

% Pos 

% Neg 

Carcinomas , epitheliomas 

7 

1 

3 

4 ! 

42 8 

57 2 

Rheumatic fever 

5 

1 

4 

20 0 

80 0 

Convalescent typhoid 

8 

4 

4 

50 0 

60 0 

Tuberculosis 

9 

3 

6 

33 3 + 

68 6+ 

Cirrhosis liver 

3 

1 

2 

33 3+ 

66 6+ 

Cancer liver, secondary 

1 

0 

1 

0 

100 

Sarcomas 

2 

1 

1 

60 

50 

Blastomycosis 

1 

1 1 

0 

100 

0 

All other diseases 

38 

10 1 

28 

26 3 

73 7 

Totals 

74 

24 1 

1 

50 

32 4 

67 6 


borne out, namely, that human serum in various diseases is occasionallv 
hemolytic toward the corpuscles of other human individuals He was 
working with serum and corpuscles, but the same statement may be made 
in regard to hemolysis in vivo 

In Tables 3, 4 and 5 are shown the results of injecting 5 and 10 
minims *of suspension from 10 per cent to 40 per cent into the loose 
tissue of the mid-forearm and into the more adherent tissue near the 
wri'^t Ho greater differences were noted than weie found by using the 
recommended 5 minims of the 30 per cent suspension What differences 
there were, were so irregularly distributed that no information could be 
gained on the points noted above 

On the contrary. Table 6 seems to show that 10 minims of a 20 per 
cent suspension caused more so-called positive reactions than 5 minims 
of a similar suspension 

This may have been simply a coincidence At any rate, no impor- 
tance IS attached to it This injection was given in the skin over the 
biceps 
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Tlieie aie seen fewer positive reactions in Table 7, nsing the same 
amount of a 20 pei cent suspension of blood from the same person, than 
m Table 6 In Observation 7 the suspension was injected into the 
forearm 

A total of all the injections shows that 67 6 per cent were negative 
and 32 4 per cent positive In spite of the fact that tuberculous peisons 
aie said to possess moie isohemolysms than normal persons, the figures 
of a few cases show 66 6 pei cent negative reactions Leaving out the 
cases of malignant tumors, there aie sixty-four cases with twenty positive 
and forty-four negative This is quite different from the 94 per cent, 
negative reactions found in all other diseases by Elsberg, Neuhof and 
Geist 

In conclusion then, it seems evident that the same irregularities 
obtain in the hemolysis m vivo as that in viti o The most evident point 
brought out is that the test cannot be said to be of any great value m the 
diagnosis of early carcinoma 



EECOVEEY OE A TYPHOID BACILLHS-CAEEIEE DHEIHG 

VACCIHE TEEATMENT- 

WALTER V BREM, M D and F C WATSON, M D 

LOS ANGELES, CAL COLON HOSPITAL, CRISTOBAL, CANAL ZONE 

Medical liteiature during the past five years has contained numerous 
repoits of chronic typhoid hacillus-carrieis, but there has been very little 
discussion of the treatment of these patients The leason for this paucit}^ 
appears to be that treatment has been unsatisfactoiy, and in but few cases 
has the infection been eradicated 

Dehler^ has cured by cholecystostomy two patients who discharged the 
bacilli in the feces, hut the bacilli did not disappeai from the stools of 
a paiatyphoid carriei on whom Forster- did cholecystostomy for gall- 
stones Grimme^ reported the recovery of an intestinal typhoid carrier 
on whom cholecystectomy was done Park^ failed to eradicate the infec- 
tion in “Typhoid Mary,” an intestinal earner, by the use of intestmal 
antiseptics and hesamethylenamin , the latter drug was given in doses 
of 100 to 150 giains daily Park cites Lentz, who stated that he could 
not get lid of the bacilli by any treatment Albert® reported the disap- 
pearance of bacilli from the urine of a carrier treated with hesamethyl- 
enamm, but no details were given and no statement made as to permanent 
recovery Hiepiaschk® had success with hexamethylenamin and boric 
acid (triboiate of hexameth^dentetiamm) in the treatment of a urmary 
carrier after he had failed with hexamethylenamin alone and in combi- 
nation with resorcin He gave this preparation in doses of 1 5 gm four 
times daily Hammond'^ failed to cure an intestinal carrier to whom he 
gave hexamethylenamin for months 

Litterer® treated by vaccination a patient with a discharging typhoid 
bone lesion He estimated that there were a half million bacilli in a 

*Froiii the Medical Clinic of Colon Hospital, Cnstohal, Canal Zone 

*Read in the Section on Practice of Medicine of the American Medical Asso- 
ciation, at the Sixty-Second annual session, held at Los Angeles, June, 1911 

1 Dehler Munehen med Wchnschr, 1907, liv. No 43 

2 Forster Verhandl d deutsch path Gesellsch , 1907, p 163 

3 Gnmine Munehen med Wchnschr , 1908, Iv, No 1 

4 Park, W H Jour Am Med Assn, 1908, li, 981 ^ 

5 Albert, H Jour Am Med Assn , 1908, li, 982 Discussion of Dr Park’s 
paper 

6 Niepraschk Ztschr f Hyg u Infektionskrankh , 1909, Ixiv, 454 

7 Hammond, F S Jour Am Med Assn , 1909, lii, 48 

8 Litterer, W L Jour Am Med Assn , 1908, li, 982 Discussion of Dr 
Park’s paper 
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platinum loopful of the pus He thought, justifiably, that the patient 
should be regarded as a chronic typhoid bacillus-carrier Under vaccine 
treatment the patient showed great improvement, but was not entirely 
cuied at the time of the lepoit He has recently informed us that this 
patient and anothei similar carrier were both cured by vaccination in 
three and two months, respectively 

Irwin and Houston'’ have successfully treated a urmary carrier by 
vaccination after failure with hexamethylenamin The bacilli disappeared 
after the third dose and four subsequent examinations covering a period 
of two months were negative Six vaccinations were given, the doses 
increasing from 50 to 1,000 million Header^® treated successfully by 
vaccination a patient who discharged bacilli in her feces The patient had 
had tiqihoid fever thirty years previously and had been exposed to infec- 
tion five years previously Before vaccination was begun, treatment was 
attempted with hexamethylenamin, 15 grains three times daily for two 
weeks weie given, and then 75 grams daily The large doses had to be 
discontinued after three or four days because of painful micturition 
Ho diminution in the number of typhoid bacilli discharged in the feces 
could be detected An attempt was then made to plant B coU m the 
lower bowel in the hope that it would overgrow the typhoid organisms 
Foui doses, each about a pint, of a bouillon culture, were given per rectum 
The typhoid organisms persisted in the stools and treatment with lactic 
acid bacillus tablets was tried , this also failed Autogenous vaccines were 
then given at intervals of from one to two weeks Six vaccinations were 
given, the doses mcreasmg from 25 to 1,000 million, after which the 
stool cultures were negative on three separate examinations Header 
studied the bactericidal and agglutinating power of the blood during 
vaccination The former rapidly rose, reaching its greatest power after 
400 million bacilli were injected, it then fell rapidly, and seven days 
after 1,000 million bacilli were injected the bactericidal power had fallen 
to a point practically the same as when immunization work began An 
interesting observation was that during the period of declining bacteri- 
cidal power the agglutinating power became evident in dilutions of from 
1 to 500 in one hour The first stool examination that was found nega- 
tive was seven days after the above phenomenon Ho examination was 
made for twenty-three days previously, so it is difficult to correlate the 
disappearance of the bacilli with the serum phenomena Header seems 
mclined to ^ tnuk that the high bactericidal power of the serum was imme- 
diately correlated with the disappearance of the bacilli, but the stool was 
positive for bacilli only three days before the examination that showed 
the highest pomt of bactericidal power, and ten days after the previous 

9 Irwm, S T , and Houston, T Lancet, London, Jan 30, 1909 
10 Header, F M Bull Johns Hopkins Hosp , 1910, x^i, 280 
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during the admmistiation of hexamethylenamm m combination with 
boric acid (tnborate of hexamethylentetramin). One intestinal earner 
recoveied when lactic acid bacilli {B hulgai icus) were implanted m the 
alimentaiy tract One intestinal carrier apparently recovered after 
repeated exposures of the gall-bladder to a;-rays One mtestinal carrier, 
two urinary earners, and two carriers discharging bacilli from bone 
lesions have recovered during vaccination with autogenous vaccines We 
shall add to the number one urmary carrier that recovered likewise during 
vaccination with autogenous vaccine Altogether then, there have been 
only twelve recoveries of typhoid carriers as far as we have been able 
to find, SIX recoveries of intestinal cariieis, four of urinary earners and 
two of carriers with bone lesions Including our own patient, six have 
recovered during treatment with autogenous vaccines. 

CASE REPORT 

Our patient was a little American girl, white, aged dVa years She had had 
an attack of fever, that was probably a mild initial attack of typhoid, in July, 
1910, during which she was not under oui care She was admitted to Colon 
Hospital (No 26,236) Aug 3, 1910 She had a typical uneventful rather mild 
attack of typhoid fever, duiing which her serum in 1 to 50 dilution agglutinated 
the stock culture of B typhosus in one hour During the last fourteen days of 
convalescence she was given for piophylactic reasons 3 grains of hexamethylena- 
min three times daily — rather large doses for a small child She was discharged 
from the hospital Sept 3, 1910 

On September 18, the child’s mother was admitted to the hospital with con- 
tinued fever, the onset having been about three days previously, or twelve days 
after the child’s return home B typhosus was isolated by blood culture The 
course of illness was typical of a rather severe attack of typhoid fever 

On September 19, the child’s father was admitted with a mild remittent fever 
that persisted ten days, maximum 101 5 F The onset of his attack was September 
16, or thirteen days after the child’s return home A blood-culture, made after 
SIX days of fever and four days before the temperatuie remained normal, was 
negative Although the patient had never had typhoid fever, two agglutination 
tests by Bass’“ macroscopic method rvere positive There appeared a few quite 
definite rose spots The spleen was not palpable In the light of these facts and 
of subsequent events, it is quite certain that this was a mild attack of typhoid 
fever 

These two cases led us at once to suspect that the child was discharging 
typhoid bacilli m her urine or feces, and that she had infected her father and 
mother Four examinations of her stools were all negative foi B typhosus On the 
first attempt we failed, also, to obtain B typhosus from the urine, but the second 
culture, Oct 7, 1910, was positive, and the organisms were isolated ten times 
thereaftei without a failure until they finally disappeared, Feb 15, 1911, about 
six months after the attack of typhoid fever was over Five successive negative 
examinations, covering a period of about three months, were then made 

Vaccination with autogenous vaccines was begun on Oct 10, 1910, and nine 
doses, increasing from 25 to 1,500 million, were given, the last on Feb 1, 1911, 
after which typhoid bacilli could no longer be isolated from the urine The 
bacilli gradually decreased in numbers as vaccination proceeded The first vac- 
cine used (seven doses) was sterilized at 60 G for one hour, the second vaccine 
(two doses), at 53 C for one hour The vaccinations gave slight local reactions 

13 Bass, C C The Archives Int Med, 1910, vi, 717 
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only until the last injection of 1,500 million bacilli, when a nuld general reaction 
occurred The injection was given about 10 a m , February 1, and at 8 p m 
the patient’s temperature was 102 By noon the next day, the temperature had 
reached normal During the entire time the patient seemed in perfect health 
Numerous agglutination tests were made before, during and following the 
vaccination period Before vaccination the patient’s serum in a l-to-40 dilution 
gave a positive reaction in one hour against a suspension in salt solution of a 
twenty-four-hour agar culture of her own organisms, and an incomplete reaction 
against the bacilli of a stock culture Three days after the first vaccination the 
reaction against both strains was incomplete Seven days after the second 
vaccination, a 1-to 50 dilution of serum agglutinated the urine culture in one 
hour, but the reaction was negative in one hour against the stock culture, 
which, howevei, was agglutined in six hours by dilutions of serum up to 1 to 200 
After the seventh vaccination (400 million bacilli), the serum in a l-to-150 dilu- 
tion agglutinated the stock culture in one hour, and in six hours the stock culture 
was agglutinated by a l-to-1,000 dilution At this time a l-to-150 dilution of the 
serum failed to agglutinate the urine culture, and in six hours the maximum 
dilution that caused agglutination was 1 to 300 Vaccination was then sus- 
pended for thirty-five days, during which the agglutinating power of the serum 
decreased After twenty-eight days a l-to-150 dilution of the serum agglutinated 
both strains in six hours, but in the same time a 1-to 200 dilution gave an incom- 
plete reaction against the stock culture and was negative against the urine cul- 
ture Vaccination was resumed Jan 10, 1911, and on Jan 21 a l-to-150 dilution 
of serum agglutinated in one hour the urine culture, but gave an incomplete 
reaction against the stock culture On Feb 1, 1911, the last vaccination (1,500 
million bacilli) was given, and on February 15 the serum in a dilution of 1 to 
1,000 agglutinated both oiganisms lu six houis On March 1, a l-to-1,000 dilu- 
tion still agglutinated the stock culture in six hours, but the reaction was incom- 
plete against the urine culture On March 24, nearly two months after the last 
vaccination, the seium in a l-to-200 dilution agglutinated the stock culture in 
one hour, and a l-to-400 dilution, in four hours 

Between the dates of Dec 6, 1910, and Jan 10, 1911 (see table), no vaccina- 
tions were given, and the agglutinating power of the serum against both the 
urine culture and the stock culture decreased On December 17, a l-to-1,000 
dilution of serum was positive in six hours against the stock culture, but a 
l-to-300 dilution was the maximum dilution positive against the urine culture 
On January 3, a l-to-200 dilution gave in six hours an incomplete reaction against 
the stock culture and a negative result against the urine culture During the 
period of this deci easing agglutinating power of the serum, the number of bacilli 
in the urine not only failed to increase, but actually decreased from 32 per loop- 
ful of urine on December 17 to 6 per loopful on January 3 

At the time of the observations no records were made of the numbers of 
colonies on the plates, but our impression is that during the first two months the 
number remained approximately the same On November 26, there were 92 colo- 
nies per loopful of urine, and, with one exception, the number decreased gradu- 
ally thereafter — 92, (18), 45, 32, 5, 2, 0 


Nov 26, 1910 

Dec 9, 1910 (13 days’ interval) 
Dec 17, 1910 (8 days’ interval) 
Jan 3, 1911 (17 days’ interval) 
Jan 21, 1911 (18 days’ interval) 
Feb 11, 1911 (21 days’ interval) 


92 colonies per loopful 
45 colonies per loopful 
32 colonies per loopful 
5 colonies per loopful 
2 colonies per loopful 
0 colonies per loopful 


If the time intervals are all changed to two weeks and the number of bacilli 
are calculated for each examination according to the rate of decrease for each 
period, the following results are obtained 92, 42, 20, 4, 2, 0 In other words, 
the decrease in the number of bacilli proceeded with almost mathematical pre- 
cision, the number being reduced one-lialf every two weeks, excepting during the 



636 


THE ARCHIVES OF mTERHAL MEDICIHE 


third interval, when reduction was more rapid A part of this reduction was not 
associated with an increasing agglutinating power of the blood serum, but with 
a decreasing power, nor did the reduction cease when the agglutinating power 
rose again with subsequent vaccination The phenomena suggest strongly that 
antibodies produced by vaccination were not acting on bacilli in the urine, but 
that a chronic typhoid lesion that was discharging typhoid bacilli in the urine 
slowly healed under the influence of vaccination, probably as the result of the 
action of antibodies in the lymph or exudate on the bacilli in the lesion That 
there were not antibodies sufficient even to inhibit growth in the urine was 
shown by inoculating the sterile urine, just after the disappearance of typhoid 
bacilli, with typhoid organisms from both the stock and urine cultures Both 
organisms grew well, in spite of the fact that the agglutinating power of the 
blood serum at this time was 1 to 1,000 in six hours 

Our experience leads us to suggest, therefore, that the eradication of the 
infection of chronic typhoid carriers by vaccination is brought about by the 
gradual healing of a chronic lesion under the influence of antibodies produced by 
the vaccination If the bacilli glow in secretions and excretions only, it does not 
seem that vaccination would be effectual Hexamethylenamin or lactic acid bacilli 
might be effectual in such cases The only other treatment that our patient 
received was four 5-grain doses of haxamethynamm on December 6 and 7 The 
previous examination of urine, November 26, had shown 92 bacilli per loopful 
This result had discouraged us, and we brought the patient to the hospital to give 
a trial to hexamethynamin treatment We obtained a specimen of urine and 
began hexamethylenamin treatment before the plates were incubated On the 
following day, we found the number of colonies so reduced that we discontinued 
hexamethylenamin and resumed vaccine treatment That the four doses of hexam- 
ethylenamin had no permanent effect on the bacilli was shoivn by the fact that 
the number of organisms was 45 per loopful two days after the drug was given 

There may be a question as to whether or not our patient should be 
considered a chronic typhoid carrier Accoiding to the classification of 
Frosch/^ she should be considered one Erosch divided carriers into two 
groups “those who excrete bacilli for less than three months, and those 
who excrete them for three months and longer The latter class constitute 
the chronic bacilli carriers, the Dauermssclieidein of the Germans” 
(Simonds) Our patient carried typhoid bacilli for about six months 
after the temperature of her typhoid attack remained normal, and, accept- 
ing Frosch’s classification, she may be considered fairly as having been 
a chronic typhoid bacillus carrier 

The possibility cannot be demed that the lesion that discharged bacilli 
may have undergone spontaneous healing without regard to vaccination 
We prefer to say, therefore, that our patient recovered during vaccination, 
rather than that she was cured by the treatment In the light of what 
IS known of chrome typhoid carriers and of the chronieity of post-typhoid 
lesions, however, it does not seem probable that recovery was spontaneous 

One other objection might be made Some typhoid carriers, both 
urinary and intestmal, discharge the bacilli intermittently It may be 
suggested with reason that the disappearance of bacilli in our case may 
have been 6ue to an intermission This is possible But the bacilli were 

14 Erosch Klin Jabrb , 1908, xix, 537 Cited by Simonds, J P Am Jour 
Med Sc, Aug, 1910, cx], 247 
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pK'seiit on oleAen successive examinations coveiing a peiiod of moie tLan 
tliiee months, they giaclnally decieased in nnmbeis and finally disap- 
peaied, and they have been absent on five successive examinations cover- 
ing a peimd of almost thiee months The fiist mine examination made 
Mas negative foi typhoid bacilli, but the lesiilt was piobably due to faulty 
technic, loi ive had ]ust begun making bacteiiological examinations of 
stools and mines It seems piobable to us theiefore, that om patient 
Avas a contiunoiis chionic typhoid caniei, and that she made a peimanent 
lecoA^eiy dining tieatment Ainth autogenous vaccines 

llACTERIOLOGICAL CONSIDERATIONS 

Isolation — The method of isolation of typhoid bacilli fiom the mine 
Avas that of Endo Endo’s medium is a heavy agai to Avhich is added 
basic fiichsin, lactose and sufficient sodium sulphite to decoloiize the 
fiichsin The led die, fiichsm (CooH^^lSr^HCl), is an acid salt of 
losanilin, a coloiless leiikobase The acid component of the led rosanilin 
salt is easily leduced by sodium sulphite When lactose-feimenting 
oigaiiisms gioAv on the above medium, the acid formed combines Avith the 
decoloiized losanilin and the colonies aie stained led The heavy agai 
medium is exactly like ‘^oidinary” agai, excepting that 20 gm of agai- 
agai pel 1,000 e c aie used instead of 15 gm To 1,000 c c of the agai 
medium aie added lactose, 10 gm , basic fiichsin, 1 8 cc of a 10 per 
cent solution in alcohol , sodium sulphite, 25 to 40 e c of a 10 pei cent 
aqueous solution The sodium sulphite should be added until the red 
color has changed to a faint pink The agai medium can be prepared in 
bulk to be kept in stock, but the fuchsin, lactose and sodium sulphite 
should be added just befoie pom mg into the plates One hundred cubic 
centimeteis of the medium aaiII make about four or five plates, AA’’hich 
should be 12 to 15 cm m diametei The plates are exposed to the air 
(covered AAith clean paper), for one hour, during which they harden and 
drv One loopful or moie of the mateiial to be examined is then placed 
on the smface of the first plate, and Avith a steiile bent glass rod it is 
spread AVidely ovei the smface, the lod is then stroked over the surface 
of the second plate, then the third, and so on The plates aie coveied, 
wrapped in papei to exclude light, and incubated foi tv'^entj -four hours 
The colonies of the lactose-feimenting oiganisms aie then led, AA'hile 
the colonies of non-lactose-fermenting organisms are coloiless The 
method thus furnishes an easy Avay of isolating typhoid, paratyphoid and 
dysentery bacilli The organism that causes difficult}^ most frequently is 
B fecalts allcahgenes 

15 Endo Centialbl f Bakteiiol , 1904, 109 A tianseuption of Endo’s 

article was kindly given ns bj Dr S T Darling, chief of the Boaid of Health 
Laboiatory, Ancon, Canal Zone 
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Ideniificaiion — The oiganisms that we isolated fiom tlie mine weie 
small, actively motile, Giam-negatne bacilli They foimed small, 1 to 3 
mm diametei, tiaiishicent colonies luth a bluish lefiactility on agar 
plates Litmus niillc was slightly acidified by them and lemained acid 
Theie was an invisible giowth on potato iSTo indol was foimed in 
Dunham’s peptone inediuni Bouillon showed a gcneial tuibidity wnthout 
pellicle 01 sediment Theie w'as no gas loimation in any of the semi- 
solid litmus sugai media, acid foimed m dextiose, inannite, galactose and 
dextiin, theie was no change in lactose, sacchaiose oi dulcite The 
oiganisms w^eie agglutinated by the seiiini oL a typhoid patient (the 
child’s mothci) in a l-to-oO dilution in one hoiii Aftei the child was 
vaccinated wnth hci owm oiganisms, hei seium agglutinated a stock cul- 
tuie oi typhoid bacilli in a l-to-200 dilution in one lioui and in a 
l-to-i,000 dilution in si\ houis 

SUMilAUY 

1 The liteiatuie of the tieatnient of typhoid bacillus-caiiieis is 
leview^ed Eleven lecoveiies, excluding oui case, have occmied Five of 
the=e patients lecoveied duiing ^accmatlon wuth autogenous vaccines 

3 Oui patient w'as a white child, female, aged 3 eais Shoitly 
aftei hei attack of typhoid fevei, hei lathei and mothei w^eie infected 
Typhoid oiganisms in pine cultuie iveie isolated fiom the child’s mine 
Hexamethidenamin had been aininisteied to tlie patient dming two w'eeks 
of convalescence fiom the typhoid attack 

3 Piacticalh the only tieatment given ivas vaccination w'lth autog- 
enous vaccines iSTme doses w'eie gnen, inci easing fiom 35 to 1,500 mil- 
lion The bacilli deei eased gi actually and disappeaied aftei the ninth 
vaccination Eleven successive mine cultuies weie positive foi B tifplio- 
sus and then five successive cultuies iveie negative 

4 The total duiation of the bacilluiia, fiom the time of noimal tem- 
perature, was about six months The patient appealed to be a continuous 
cairiei 

5 It seems that the disappeaiance of the bacilli ivas not an intei- 
mission but a tiue lecovery, bi ought about by the giadual healing of a 
chiomc lesion under the influence of vaccination 

We wish to thank Col W C Goigas, Chief Saiiitaiy Officei, foi permission 
to publish this lepoit 

423 Seoul ity Building, Los Angeles 



SUBACUTE LIYEK ATROPHY “ 

LINDSAY S MILNE, M D 

NUV \ORK 

Since the time ot A'esalius (1514-64) a gieat piofiision of Upe^ of 
livci disease ha^e been desciibed and each associated with a nioie oi less 
definite tiain of syniptonis, till the piesent time leaies ns iiitli the most 
confused ideas oi the pathological piocesses at woik m almost am case 
of jaundice As a lesiilt the diagnosis of cases of long-connmied jaun- 
dice, e\chisne ol those due to such obstiuctive causes as gall-=tones, 
tumoi giowth, etc, leads inevitabty into the tangled aitifieial classification 
of the canons destructive lesions of the livei 

One fact is ceitain — that m theuhole lange of diseases of the lively 
f 10111 acute jellou atioph}^ to ati opine ciiihosis, the cases piesent an 
cxtieme caiiatioii as legaids duiation, sjunptoniatology and raoibid anat- 
om} , and it mac equally be noted that gieat numbeis of cases piesent 
featuies nliieh pieclude them fiom am of the usual subdivisions of liver 
disease 

Acute cellow atiophy, as is well known, is an extiemely wide-spiead 
rapid neciosis of the li\ei The teiin ‘^^tiopli}'-’^ is therefore a misnomei 
The condition is ceitaiiily much moie common than it has usually been 
consideied and this peiiiaps is accounted foi, as in the past its conception 
has been based on an altogethei too classic pictuie both clinically and 
pathologically The disease has, howevei, a wide latitude m its duiation, 
clinical type and pathological appeal ances and the condition appeals to 
be essentially dependent on the degiee of hepatic destiuction Examples 
indicating the discrepancy in the tenure of life in such cases may be noted 
in records repoited by Ladoli m which death occuiied in thiity horns, 
Doifiei, in thiee days, Eisehei, in ten days, Edgworth, in twelve days, 
McCallum, in fouiteen days, Tileston, in seventeen days. Had, in twenty 
days, Medei, in twentj-one days and Klob, m twent} -eight dajs, etc , and 
many cases are described of as long as forty dais’ duiation In children 
m paiticular, a protracted course is the rule (In a previous communi- 
cation^ I have noted three cases in }oung childien ivho presented histones 
varying between six and ten weeks, and I have obseived twm other cases 
which came to autopsy aftei a considerably more prolonged course ) 

The latter merge giadually into what may be knoivn as the subacute 
group, in wliieli the subject appaiently has had moie lecupeiatiie power 
and the hepatic destruction has not been so extensile Thus, if the 
destiuctive piocesses, from wdiatevei souice, chemical, bactei lologic, etc, 

•"From the Russell Sage Institute of Pathologj, New Yoik 
1 Milne, Lindsay S Joui Path Bacteiiol , Canibiidge, 1909, xiii, ICI 
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the} may be deinetl, should be less e\ten=i\c m then eftects on the hvei, 
the s\mptoniatolog\ coiiesponds moie oi less in degiee 

Not onl} IS the extent ot luei destiuction impoitant bni also the 
lapiditi of its accomplishment In atiophic ciiihosis foi instance, the 
piocess IS also Mide-'^piead but as such lelatively small poitions aie 
destioied at one time, and also as the luei cells have time to legeneiate 
and the system to adapt itself, jaundice does not necessaiily appeal 

Subacute atiopln, like acute lellow atiophy, is not a leal atiopln, but 
the lesiilt of a neciosis and the subsequent inflammatoi} lepair As in 
the acute cases, the necio&is is moie oi less lapidh aceomplnhcd, and the 
longei diiiation ot life in the subacute oi lecoceiy in the chionic eases 
depends laigel} on the amount of Inei destruction and its lecupeiative 
poll ei 

Age and appaieiitli aie ot little importance, acute and Mibacute 
atiopln being lelatnely common in childien, thnteen patient‘' obseived 
in the last thiee leais laiied in age between 4 tears and 69 

The etiolog} of such conditions has occasioned a last amount of specu- 
lation, the d]sea=e seems to folloiv so mam conditions, to be so ividelv 
difteient in its clinical and jiathological types, as to make one suspect no 
uniform etiological agent Some cases shoiv no apparent toxic substance 
in the livei, being steiile in cultuie, and emulsions of the Inei being non- 
toxic to lats, labbits oi cats, as foi instance, in a male aged 69 tvho died 
after a progressively intense jaundice of twelve days’ duiation In anothei 
ease, ^lightly raoie pi oti acted, in a male aged 38, in which death occuiied 
in an intensely jaundiced condition, a pine cultuie of B coU w’as obtained 
fiom the livei and spleen Emulsions of the livei and spleen injected 
into lats produced death within tw'enty-foui houis, wdiile injections of 
emulsions from the duodenum and laige intestine pioduced no effect A 
pure B coh was again isolated from the liveis and spleens of the dead 
rats, which again proved fatal to anothei senes of lats, but pioduced no 
result on labbits, dogs or cats This, howevei, means veiv little as a 
vaiiety of organisms can be obtained fiom the liveis of subjects wdio have 
died from man} different causes 

REPORT OF C XSE 

Fiom an experience of ten ca=es in the last three jears, five of which 
have already been published,^ presenting histones lasting six weeks and 
upward, a fuithei ease may be noted in which the piocess was veiy pio- 
longed and the diagnosis from ordinary ciirhosis presented diflficulties 
even at neerops} 

Hist 01 y — The patient w'as a laige, obese man, aged 41, a bar porter His 
previous health and digestion had been apparently \eiy good He had been in 
the habit of drinking tivo or three glasses of wdiisky a day There was no 
evidence or histoiy of s^phllls nor any indication of it in his familj record e 
denied malaria, scarlet' fever, diphtheria, small pov, pneumonia, tjplioid or any 
other special disease. 
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Si\tecn months befoie the dtite of ]us death, ius ankles became slightly 
swollen in the evenings Ihis swelling disappeaied when he lested at nighr and 
was ne\ei sulhcient to incapacitate him fiom his woik Si\ months aftei this, 
laundice giaduallj appealed, although he felt at that time in veiy good health 
A loitnight latei, the jaundice suddenly became vtiy intense, and theie was 
maiked distiess in the epigastne legion Ihis was diftuse in ehaiactei and not 
colick> 01 lolited to the shouldei legion, and was not associated with anj gastio 
intestinal distiiibance Iinmediatelj foliow'ing this attack, and being as he said, 
not iindei the iniluente of liquoi, he became veiy much piostiated and fainted 
On admission to hospital he was intensely jaundiced, and the uiine contained a 
coiisideiable amount of bile pigment but no albumin, leiicin oi tMOsin His heait 
wa-> somewhat nicgulai in action, and theie was a soft sjstolic muimui heard, 
best at the legion of the ape\ He lemained in hospital foi two months, his 
weight lemaining constant and the tempciatiiie continuing noimal The jaundice 
almost coinpletelv faded and he was discliaiged, feeling in good condition Si\ 
da\s latei he was leadniitted, as edema of the legs had letuined and jaundice 
had again become intense Ascites was a Ho shghtl> evident The livei at this 
date evteiided fioni the sixth light costal iiiteispace to 1 inch below^ the costal 
Ilia 1 gin in the light midcIavicuJai line Its lowei boidei was Him and rathei 
iiiegulai and on palpation was slight!} tendei The spleen was palpable 1 inch 
below' the left co-^tal niaigin, and a soft s\stolic muimui was noted ovei the 
apex ot the heait The blood showed no impoitant changes except slight anemia, 
and the uiine contained no albumin, but bile was piesent in small quantity The 
feces weie pale but did show' some bile coloiing About a month latei the patient 
de\ eloped a mild attack of facial eiysipelas Foi the next six months the jaun 
dice continued giadiially gi owing moie intense The tempeiatuie, except foi 
some small iiiegulanties and duiing the attack of eiysipelas, was piactieally 
noimal thioughout Ilie leukocite count aveiaged about 5 000 pei cubic niilli 
metei, rising to 14,000 coinculentall} with the erysipelas Ascites became vei} 
maikcd and the patient was tapped fifteen times during the last six months, laige 
quantities of somew'hat bile stained cleai fluid avei iging 1 010, specific gravity 
being lemoved During the last month, the stools w'eie quite clay colored, the 
patient’s appetite completely failed and emaciation ivas rapid His abdomen w'as 
tapped tw'ice w'ltliin the last ten dajs and on both occasions the fiuid withdraw'n 
W’as tuibid Horn the pieseiice of pus cells Tow'aid the end he developed tjpical 
signs of acute geneial peiitonitis and died in an extiemely piostrated state, being 
also veiy intensely jaundiced at this time 

Maci oscojnc Pathologic Examination — At necropsy the peiitoneal cavity con 
tamed a laige amount of tuibid fluid The peiitoneum w'as uniformly coveied 
by a delicate fibrinous exudate and also geneially thickened The exudate w'as 
paiticularly puiulent ovei the livei, m the pelvis and in the legion of the sig 
mold The intestines weie distended and edematous 

The spleen (weight 525 gm ) was consideiably enlaiged, daik and film The 
kidnejs (w'eight left 275 gm , light 285 gm ) w'eie slightly enlarged, congested 
and show’ed a slight degiee of chronic nephiitis 

The panel eas was atiophic and theie was also a mild degiee of inteistitial 
panel eatitis 

The heait (w'eight 350 gm ) w'as ati opined and dilated m all its eliambeis 
but showed no inteistitial mjocaiditis The aoita and laiger vessels were w'ell 
pi esei ved 

The gall-bladder was small and contained a little wateiy brow’n bile The 
glands afong the bile duct w'eie slightly enlaiged and consideiably jaundiced 

The livei weighed only 700 gm and measuied 25 cm lateiall}, 5 cm in thick- 
ness Its suiface foi the most pait was pinkish and smooth, but o\er the iippei 
pait of the right lobe and the undersurface on both sides, neai the hilum and 
also in the Spigelian lobe weie numeious elevated blown nodules These noduks 
vaiied m size fiom that of a millet seed to 1 cm in diainetei On section the 
livei -tissue seemed to be almost entnely leplaced by den-e fibious tissue In 
the cential poition of the oigrn in paiticulai, there seemed to be ilmost no 
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livei-tissue remainmg (Fig 1) Hie laigei \GSsels of the li\ei showed no special 
gross exchange noi -weie theie any evidences of Ihioinbosis The islets of livei 
tissue TiNeie brown, \\ell defined but somewhat iiiegular in outline They varied 
in size up to seveial which leached 2 cm in diametei These islets appealed quite 
homogeneous in character, although the huger ones weie intersected by a delicate 
libious stroma They had lost the chaiacteiistic lobulai markings 

Micioscopw Pathologic Examination — ^The blown iieas weie composed of 
liver-cells which foi the most pait weie ciowded together and had lost then 
trabeculai and lobulai ariangement These livei cells weie also somew'hat irregu- 
lar in size, many being very large ind liypcrtiophic, and some w'eie noticed to 
contain several nuclei In this paiticulai case, the piocess was of such long 
duration that signs of actiie li\ei-coll multiplication weie winting No 
mitoses were obseived, although some evidences of anutotic nucleai division could 
be noted Yet the iiregulaiity of the liver cells, and particularly their large 
size, indicated that some hypeiplasia had occuiied jiieviouslj Contraction of 
fibious tissue lound islets of Inei cells doe-> not, as a lule, produce the appear- 
ances of compression which are common aiound tumois and in congenital syph- 
ilitic ciirhosis, and ccitainl}’ is not lesponsible for the appearances described as 
due to livei cell hjperplisia These nodules of livei cell hyperplasia were com- 
paratuelj' small, but in some crises they tend to assume very large dimensions 
Two such cases I have seen diagnosed and operated on as abdominal tumor 
growths (In this connection, Baibacci- reports an inteiesting case of subacute 
atrophy in a woman whose liver was evtensiveh' cnrhotic and show’ed a tumor, 
composed of hjpei plastic In er cells the size of a fetal head projecting on the 
right lobe, and another the size of a Tangerine orange on the surface of the 
left lobe ) 

In this case the fibious tissue w'as veiy dense but contained only a small pro- 
poition of elastic tissue Included in this, theie were numeious small islets of 
closely packed liver cells which apparently had escaped destruction and had pro- 
lifeiated consideiabl} Bile ducts were fairly numeious, but in certain areas 
none weie obvious at all IMany of these ducts communicated diiectly w'lth the 
liver cells, and others also could be tiaced to old peisisting intei lobulai bile ducts 

Bj seiial sections, the couise of the “ducts” could be tiaced more satisfactorily 
Foi the most pait they pursued a definite couise between livei cells with which 
thej were directly continuous and some definite interlobular bile duct Many of 
these “ducts” connected wuth the livei -cells oi mtei lobulai bile ducts ended blindly, 
but they mostly foimed part of an extremely iiitei lacing netw'oik Tins netwmik, 
which could be leconstiucted from seiial sections, seemed to be veiy similai in 
geneial distiibution to the noimal diainage system of the liver (compare Fig 2) 
although naturally considerably distorted by the inflammatoiy tissue through 
wdiicli the ducts extended When the complexity of anastomosis and accuracy of 
relationships of this reconstructed system w'as consideied, it was appaiently 
impossible that either livei cells oi bile ducts could have pioduced these struc 
tuies by proliferation 

Evidences of pioliferation of liver-cells in those areas which have 
survived are common in all destructive processes of the liver and aie 
particularly marked in the extensive lesions of acute and subacute atrophv 
and in all the forms of cirrhosis In these areas, the multiplication and 
hypeitrophy of liver-cells coriesponds to the appearance wdiich can be 
induced by expeiimental removal of laige quantities of the hepatic tissue 
As in experimental cases, the multiplication of liver-cells is much more 
frequently pioduced by a piocess of amitosis than bv'^ karv okinesis, which 
seems to occur as a relatively early phase in the process of liver-cell multi- 

2 Baibacci Beitr z path Anat u z allg Path , 1901, xx-x, 45 
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plication Mitotic figuies in the livei-cells aie common in many degenei- 
at've and neciotic conditions ot the livci I have seen them in enoimous 
quantities m a ea«e ol lymphadenoma Yet in tlie same cases, coincident 
Mith the kaiyokinetic piocess, amitotic cell division is also taking place 
and in tlie latei stages ol lepaii seems almost entiiely to piodorainate 

Although connections uith ‘‘ducts” aie common in siah cases and 
evidences ol livei-cell hypeiplasia ven maiked, vet definite appcaiances 
suggesting a piolifeiation ol these “ducts” fiom Inei-cells aie altogethei 
wanting The “ducts” so commonly found in neu inflammatoiy tissue 
in the luei aie also conimonly diiectlv connected with inteilobiilai bile- 
ducts As 111 the case ol the livei-cells, no definite pioof can be ob=eived 
that the neu “duct stiuctuies” aie piolifeiated oiitwaid fioni some pie- 
existiiig inteilobulai bile-duct 

Cataiihal piolileiative changes aie common in the lining epithelium 
of the bile-ducts, both laige and small, in almost all acute conditions 
affecting the Inei, and can be induced e\pei mien tally by injection of the 
bile-diicts, 01 by inoculation ot many toxic substances whicli seem to act 
chiefh bi then iiiitative oi destiuctive action in couise ot elimination 
down the bile-passages The bile-duct epithelium, indeed, seems to have 
a veiy lemaikable capacity foi lepaii, as was shown by Seiafini, who 
studied the legeneiative capacity ot the gall-bladdei epithelium of guinea- 
pigs aftei its lenioial by a pad of cotton wool, the new cylindei epitlie- 
liiiiii being completely lestoied by the eighth day This cataiihal piolif- 
eiation does not, howeiei, seem to have any tendency to induce sprouting 
f 10111 the ducts in the shape of the new “duct stiuctuies” so commonly 
found in inflammatoiy conditions of the livei 

Judging fioni the definite connections of these “ducts,” then veiv 
definite and legulai stiuctuial cliaiacteiistics, and peihaps chiefly fioni 
then foiination in a definite leticiilimi uliicli moie oi less coiresponds 
to the noiinal diainage livei system, it seems piobable that they lepre- 
seiit the noimal siiiviving bile caiialiculi connecting the liver-cells uitli 
the larger bile-ducts In its new envnonnient of inflammatoiy^ tissue, 
then epithelium fiom which the livei -cells haie been denuded by necrosis, 
has become moic cubical than the noinial extiemely'^ flattened, almost 
invisible type Analogies of this supposition aie to be found in othei 
oigans, as foi instance, the lining epithelium of the air alveoli in ehionic 
inflammatory conditions in the lung and also in Bou man’s capsule in the 
kidney in various types of cliionie nephiitis 

In the above-desciibed case of subacute atiophy, there weie seveial 
spots, and particulaily one laige aiea, wlieie this idea could be somewhat 
substantiated In these places there was an adenomatous aiiangement 
of duets (Fig 3 ) For the most pait, the duct spaces were continuous, 
widely dilated and in pait, oi altogether, lined by a cubical epithehum- 

3 !Milne Join Path and Bacteiiol, Cambiidge, 1909, xn, 146, Plate \\ 
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Many, howevei, weie lined by an extieinoly attenuated tj'pe of cell 
and in parts a thin line of piotoplasm containing no nuclei, alone 
foinied the lining of the space In seveial spots at the maigins of these 
aieas colnnins of livei -cells weie diieetly continuous with this adenoma- 
tous foiination It was a question whethei these livei -cells weie evolved 
as a metamoiphosis oi piolifeiatibn fiom the “duct’^ stiuctuies oi vice 
veisa, but inoie piobably they ueie onl} siiiviving Iivei-cells maintaining 
connections with then oiiginal bile-dischaiging system which foi some 
leason, obstiuctive possibly, had become distended 

Subacute atiophj, then, nia}'’ be consideied as a moie piotiacted stage 
of the acute condition when tlie subject has been moie lesistant and the 
destiuctive piocess less extensive Theie may tlnis be hpes of every 



Fig 3 — Aiea showing nunieious adenomatous bile ducts The lining of the 
spaces IS in some paitly cubical and in otheis veiy attenuated Towaid one 
coinei IS a patch of somewhat hypei plastic livei cells 


intervening stage between acute yellow atiophy and piolonged subacute 
cases, while complete lecovery is also possible Indeed, such cases of 
chronic atrophy may be lecognized only when a certain failuie of hepatic 
compensation is induced by some inteicuirent condition As a lesult, 
the piognosis of any disease in a case in which there has prevnously been 
any prolonged jaundice is necessarily guarded, as the vitality of such an 
individual with a reduced hepatic leserve is naturally diminished The 
disease, in both the acute and subacute forms, almost invaiiably has an 
insidious onset unless it supeivenes on some other pieexisting condition 
The whole aspect of the case is different from what is found in ordinary 
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ciiiliosis The subject maj complain of piactically no other symptom or 
sign, except jaundice and, peihaps, some slight diffuse epigastiic pain 
Gastio-intestinal tioubles appaiently aie not the lule 

As the piocess becomes moie ehionie and the legeneiation of livei 
tissue and leplacement fibiosis moie extensive, the development of ascites 
IS only natuial In seveial of the moie ehionic cases ivhieh occurred in 
this institute, ascites has de\ eloped in about six months aftei the onset 
of the jaundice Such cases diftei horn oidinaiy atiophic cirrhosis onh 
bv’- having none of the toxic appearances oi maiked enlargement of the 
spleen as is the lule in eiiihosis 

Acute atiophy, then, beais a ceitain lelationship to all the forms of 
ciirhosis, and the substance which causes the oiigmal liver necrosis may 
be exactly the same, only vaiying in intensity and in lapidity of action 
Wlieie a poison, deiived eithei fioni bacteria or fiom some metabolic 
product fiom the intestine, acts on the liver foi a short duiation and is 
compaiativelv mild in toxicitj, it causes a destiuction of the hepatic 
tissues toward the peiipheiy of each lobule which may be completelv 
repaiied by the lemaikable legeneiative capacity of the livei -cells, if, 
howevei, the destiuction be too extensive, it is replaced by connective 
tissue, and a picture of a monolobulai cmhosis is produced Such livers 
are often laige, commonly fatty, frequently presenting a smooth surface, 
and lepiesent uhat used to be teimed ‘‘biliary'^ oi '^Hanot's’’ cirrhosis 
Should the destiuctive change be moie continuouslv applied, howevei, 
fiequently destroying small sections of the liver and, in direct ratio, 
inducing replacement fibrosis and legenerative activity of the livei -cells, 
atrophic cmhosis is piodueed In this form, a complete reconstruction 
of the livei lesults The teims ^'•multilobular” oi '^portal” have been 
applied to it, but obviously are not coiiectly descriptive A continuous 
or fiequently repeated reduction of liver substance, in spite of the great 
regenerative activity of the livei, eventually reaches a point where insuffi- 
ciency oecuis and the patient succumbs to jaundice The reaiiangement 
of the livei fiom necrosis, replacement fibiosis and livei-celi hyperplasia, 
causes a tortuosity and vai ration m length and calibei of the blood capil- 
laries Avhich naturally increases the lesistance to the portal ciiculation 
which may be sufficient to cause ascites It is, however, easy to see that 
a slowly progressing liver destiuction may continue into an advanced 
cirrhosis without any jaundice, uhile onlj'’ in the latter stages of the dis- 
ease IS ascites manifested, and only aftei a large amount of livei tissue has 
been destroyed or some intereurrent disease has developed does jaundice 
become evident 

In conclusion, one can tiace a direct connection between acute atrophy, 
subacute atiophy and eiirhosis of the livei in all its types, the difference 
m each depending on the extent and lapidity of accomplishment of the 
destruction of the liver 
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Smco Quincke’s' lepoit in 1882, lepeated attempts have been made 
to establish a dia^^nosis ot malignant disease iiom the chaiactei ot the 
eells pie-ent in pleuiitic oi poiitoneal exudates Wheie bits of tissue aie 
Mitiidiawn by the explonng needle, such a diagnosis may sometimes be 
made with a tail degiee ot ceitaiuty just as it has been made in the case 
ot tissue obtained in stomach w'a^hings the uiine, the teces, etc The 
lecognition of isolated cancel cells, on the othei hand, is extiemely uncei- 
tain, and in 1900 Widal and Rivaut,- aitei a suidj ot the cells in 600 
exudates, concluded that it is difficult to diagnose cancel fiom such colls, 
on account ot then geneial lesemblance to endothelial cells In one of 
the cases to be lepoitecl, the piesence ot many mitotic figuies rendered 
the diagnosis ot malignancy almost eeitain, in the second case their 
appeaiauce in small numbeis stiengthened a similai diagnosis, and in 
the thud case they changed a piobable diagnosis ot sepsis to one of 
nialiguauci A leiiow' ot the liteiatuie show’s how few’ cases have been 
lepoited in which laige numbeis ot mitotic hguies w’eie found in tl e cells 
ot seioiis exudation We shall tlieietore lepoit these tliiee cases and 
levicw’ the liteiatuie w'lth the object of asceitaining how’ much leliance 
may be placed on such findings in establishing a diagnosis of malignant 
disease 

HLPORT of CASLb 

Case 1 — Pattent — E 1 , n ile, 14 jeais old, w’as admitted to the Univeisity 
Hospital jMarcli 25 1910, complaining of swollen abdomen Ihe tainily and past 
histoij’ weie negative About Dec 11, 1909, the patient fiist noticed shaip pains 
aeioss the lowei abdomen Ihtse lecuiied at iiiegnlai inteivals but he did not 
go to a pliysieian until Decembei 21 In Janmiy his abaomen began to swell 
and he e\peiienced dull pains aftei eating Although liis appetite lemained good 
he suffered at times fiom nausea and vomiting ’Ihe boivels were loose Occa 
sionally liib feet weie slightly swollen He liad a slight cough with a little evpec 
toiation On Maich 17 si\ quaits of fluid w'eie lemoved fiom his abdomen and 
on Maich 24 thiee quails more weie obt lined 

Examination — The patient was an en aciated, frail boy In the light clavicu- 
lar region there w'as a mass of ten oi tw'elve g’ands vaijing from the si/e of a 
pea, to that of a hickory nut These w^eie tieely mo /able and not tendei Above 

^Fiom the Depaitment of Internal Medicine, Unuer&ity of Michigan 

1 Quincke H Ueber die gefoiinten Bestandtheile von lianssudaten 
Deiitsch Arch f klin Med , 18f2, x\x, 580 

2 Widal and Rivaut De I’etude histologiqne des epanchenients sCiofibi injn\ 
de la plCvie, Compt rend Soc de biol , 1900, lii, G48 
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the left clavicle two eiilaiged glands could be felt, but no otbei glands weie 
palpable The lowei poition of the chest posteiioil} showed dulness with diniiii 
islied fieniitus and bieatli sounds Tlie tensely swollen abdomen caused a bulging 
of the lowei iibs, the veins ovei the sides of the abdomen and chest were dilated 



Fig 1 — Monaster 



Fig 2 — Beginning diastei 


Typical signs of fluid in the abdominal cavity weie obtained and on palpation 
an indefinite and deeply situated tumor mass could be felt just above the umbili- 
cus On March 27, two days aftei admission, 1,30(7 c c of fluid uere remoied 
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fioni the abdomen hollowing the tapping, the tumoi could be felt somewhat 
moie distinctly as a tiansveise mass just to the left of the umbilicus This uas 
haul and iiiegulai, was himly lixed and uas not tendei Rectal examination 
showed that it extended into the pelvis in fiont of tlie leetum Duiinrr his stay 



I'lg 3 — Resting tunioi cell (a), diastei (b) 



in the hospital his temperatuie showed a daily fluctuation fiom l^i^nuHi 

The uiinary examination was negative 

and hyaline casts and, on one occasion, a blood cast The stools showed a positive 
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occult teat foi blood with a slightly incieased numbei of muscle fibeis The 
blood-pieasuie was noimal The blood examination showed 3^000,000 led cells, 
8,000 leukocytes and 55 pei cent hemoglobin A difieiential count of the leulvo- 



Fig 5 — Diastei — later stages 



Fig 6 — Aiiou points towaid two new tumor cells 


eytes showed 24-1 pei cent mononuclear cells, 714 pei cent polj nuclear, 0 7 
pel cent eosinophilic moiionudeai s and 3 5 pei cent degenerites Tlie fluid 
obtained fioni the pentoiieal ca\ih showed the following characteristics specific 
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giavilj, 1010, l.uge anioiiiitb of albumin (one half volume by heat and mine 
acul test 15 gm pei litei by Ebbach) , veiy he ivy test foi nucleo albumin, te^ts 
foi iiuitin, sugai and bile negative It contained 17, .120 white cells pei e mm 
i dilleiential count of these snowed 37 pei cent tjpical small lymphocytes, 51 
pel cent atypical mononucleai cells and 12 pei cent polynucleai Eudit led cells 
iieie noted in counting 200 uhite cells Eveiy he'd of piepared films showed 
tunioi cells in both lestiiig and division stages llie foiinei could be told 
fioin the l}niphoc\tos (1) by then si/e, thej being fioin lb to 24 niicions 
in dianictei , (2) fioni the nucleus, i.hicli did not stain as heavily and gave the 
appeal nice of being hsbUied oi slightly lobulated, (3) the piotoplasiii vas 
nicic.ised in amount ovei th it of the limphocjtes and mobt fiet]ueiitly showed 
small aiCiis of vacuoli/atioii Of the division figuies, the moiiasteis (Fig 1) Mere 
the most plentiful, but theie weie all stages passing fiom same down tliiough 
the equatoiial plate aiiangement to the Upical diastei (Figs 2 and 3) Cefls 
shoMiiig beginning constiiction of the piotoplasni (Figs 4 and 5), as uell as nei\ 
tumoi cells leadv to sepai.ite (Fig 6), weie fanly abundant Ihe figuies heie 
pietuied Meie all laKen fiom the pieceding case, about one cell in tiienty five 
showed some foim of duisioii 

CoiiK,e — 'ilie patient lapidly failed aftei coming into the hospital and died 
on Apiil 1, of evhaustion At fiist he was suspected to have a peiitoiieal tubei 
culosis but the absence of <i Pnquet leaction, the failuio to find tubei cle bacilli 
in the peiitoneal fluid and in the stools, and the huge iinmbei of mitotic figuies 
in the cells of the a«citic fluid changed the clinical diagnosis to a neoplasm 
iin Giving the peiitoneal eacit} 

Patholoqy — At iicciopsy, peifoimed bj”^ Dr Warthin, on Apiil 1, 1910, the 
w’hole abdomen was found to be filled w’lth a soft, nodulai mass wdiich pioved to 
consist mainh of tumoi of the omentum The coils of the intestines w’ere cov 
eied with a fibnnous exudate Tumor nodules weie piesent in the mesenteiy, 
intestines, peiitoneum and letiopei itoneal glands and tissues The diaphiagm 
and the paiietal pleuia weie studded with tumoi masses Nodules present on 
the lowei siuface of the light lung had app.iiently extended to it from the 
diseased diaphiagm Iho tumoi had also involved the bioncliial glands, the 
spleen, the Kidnejs, the livei and the bladdei-wall Micioscopically it pioved to 
ne a I’^mphosaicoma Hie oiigiii of the tumoi could not be detei mined 

Case 2 — Patient — W B, aged 32, entered the Uiiiveisity Hospital on Feb 
21, 1910, complaining of abdominal enlaigement The faniilv and past history 
w'eie negative filie picsent tiouble began six w'eeks befoie admission, wdieii 
the patient fiist noticed that his abdomen was becoming swollen On the foi 
lowing day he was suddenh taken w'lth shaip, paioxismal pains in the left 
lowei abdomen, wdiich ladiated to the light side Following this the abdomen 
grew rapidly in si/e and although the seveie pains abated, he had distiess aftei 
eating, became veiy w'eak and djspneic, and lost about 20 pounds in w^eight 

Examination — The patient was .a modeiately emaciated man The abdomen 
was very much distended, bulging somewhat nioie to the left than to the light 
On account of the tension, palpation was diflicult but in the left flank a haid 
mass could be indistinctly felt Febiuaiy 22, the abdomen w'as tapped and 6 
liteis of a biowmish, slightly turbid fluid were lemoved Following this a nodulai 
mass could be felt, extending fiom somewhat ibove the umbilicus dowm to Pou- 
pait’s ligament on eithei side This was haid, lather nodulai, and but slightly 
movable Rectal exanination showed that the mass extended into the pelvis in 
fiont of the rectum 

Com sc — The fluxu collected rather lapidly after the tapping and lespiiations 
became mcieasingly more difficult On March 2 the patient was again tapped 
and 7,700 cc of yellowish biowm fluid obtained Following this tapping, the 
fluid did not le collect so lapidly but the patient gi idinlly became weakei, 
vomited considerably and died on jMarcli 14 
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Numerous blood-counts showed a noimal number of red blood corpuscles and 
a normal percentage of hemoglobin The leukocytes were moderately increased, 
ranging from 10,500 to 15,000 No abnormalities in the appearance of a stained 
smear were noted The urine was negative, the stools showed heavy tests for 
occult blood The injection of 5 mg of tuberculin produced no reaction An 
examination of the fluid recovered at the second tapping showed a specific grav- 
ity of 1 018 and large amounts of albumin, so that the tube boiled solid The 
fluid contained 1,400 white cells and 240,000 red cells per c mm The differential 
count of the whites gave 61 per cent lymphocytes, 7 per cent polynuclears, and 
32 per cent large mononuclear cells A small number of mitotic figures were 
found A clinical diagnosis was made of malignant tumor involving the omentum 
Pathology — At the necropsy, performed by Dr Warthin, March 16, 1910, 
the omentum was found gieatly thickened and nodular, forming a thick apron 
reaching to the pelvis Fifteen hundred c c of fluid of an opalescent, sticky 
character were found in the left pleural cavity A smaller amount of fluid was 
present on the right side The parietal pleura showed numerous minute tumor 
granules, with some nodules on the visceral pleura The peritoneum was thick- 
ened and edematous and was covered with a fibrinous exudate At the pylorus 
was found an irregular ulcer, 2% inches in diameter, with slightly elevated 
borders Opposite the ulcer there was a nodular mass of tumor tissue The 
smaller intestines were encased in a layer made up of tumor tissue and fibrin 
Lymphatics in the lesser curvature of the stomach were enlarged and nodular 
Several tumor nodules were present in the liver On section, the tumor proved 
to be a colloid carcinoma, in places of the adeno type, in other places rather 
scirrhus The cancer showed marked mucoid degeneiation 

Case 3 — Patient — ^Miss E , seen by Dr Hewlett in consultation with Dr 
Gates of Ann Arbor, on August 22, 1911, complaining of weakness, also emaciation 
and fever Family history negative Past history negative up to about one year 
ago at which time a multilocular cyst of the ovary was removed by Dr Darling 
Subsequently she had a stitch abscess but recovery was otherwise perfect About 
July 4, 1911, she noticed a pain in the left foot, and a week or so latei a pain in 
the right side She had lost weight and strength almost continually since that 
time She had noticed no chills or sweats but her temperature for the past few 
days had ranged between 100 and 101 F She had had a succession of reddish 
spots appear under the skin which were painless, not tender, and gradually faded 
She had coughed considerably especially when she raised mucus 

Examination — Patient appeared seriously ill The skin was sallow and there 
was some dyspnea At the base of the left chest behind there were numerous 
crackling r<lles At the right base there were signs of fluid extending to the 
sixth or seventh spine behind, well up into the axilla, and to about the fourth 
intercostal space in front Beneath the skin in various parts of the body were 
a number of spots which were reddish, slightly elevated and from 2 to 3 cm in 
diameter The older ones faded to a yellowish color The blood showed no 
marked anemia There were 17,000 leukocytes The stomach analyses had shown 
little or no free hydrochloric acid The sputum was negative for tubercle bacilli 
on seveial examinations The fluid aspirated from the right chest and was 
bloody in appearance Smears of the centrifugalized material showed a great 
many red cells, most of which die either broken or cremated The polynuclears 
have a predominance over the mononuclears, they making up 82 per cent of the 
differential blood-count In addition to these cells already mentioned are large 
numbers of balls of cells, similar to those described and pictured by Quincke The 
nuclei in these cells stain poorly and the piotoplasm of many show fatty degen- 
eration They vary in size from 30 to 50 microns in diameter and some of the 
cellular groups have a diameter of 100 microns With the Wright stain the 
nuclei in these groups are placed at the periphery while the center stains rather 
palely In both the single cells and cell masses are found division figures Most 
of these are in the monaster oi beginning diaster stage 
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Dtafifnosis— Previous to the aspiration of the fluid fiom the right chest, and 
under the impression that the ovarian tumor had been benign, a tentative diag- 
nosis of sepsis was made based on the fever, leukocytosis, effusion and sub- 
cutaneous spots Latei it seemed miicli more probable, however, that we were 
dealing with a malignant disease of the pleural cavity, in view of the character 
of the exudate and subsequent examination of sections of tlie tumor The latter 
were examined by Dr Warthin, w'lio leported a papilliferous cystadenoma with 
layers of neciosis and areas of active cell proliferation almost solid He 
expressed the opinion that the tumor was malignant 

Course — ^The patient failed rapidly and died Aug 27, 1911 No autopsy was 
obtained 

REVIEW OF LITEILVTURE 

To ascertain the diagnostic value of mitotic tiguies in seious exudates 
one must considei then frequency in malignant as well as in non-malig- 
nant conditions Eeidei^ first desciibed sucli figures in an exudate due 
to malignant new growth In Ins case both ascitic and pleural fluids 
showed many division figuies of mitotic as well as of amitotic nature 
and at post mortem a saieoma (carcinoma?), probably begmning m the 
ovary, was found In 1897 Dock* repoited a case of carcinoma of the 
stomach undergoing colloid change, in wdiich many cells of the ascitic 
fluid showed mitotic figures In the same article he mentions a pleuritic 
exudate secondary to carcinoma of the breast where a few mitoses could 
be found In the same year 'W’aithin® reported a spindle-celled sarcoma 
invading the pleural cavity The pleuritic exudate showed typical small 
spindle cells, with numerous division figures Turton,” in 1905, men- 
tioned a case in which the fluid from the light side of the chest showed 
‘fiarge sarcoma cells with mitotic nuclei,” the diagnosis being confirmed 
at autopsy Mitotic figuies m the spinal fluid have been described by 
Widal and Abrami,'^ and by Facchmi® in cases of sarcoma involvmg the 
meninges Manni and Diorini® repoited four cases of carcinoma with 
effusions and claimed to have found division figures in each Their 
microphotographs, however, are not convincing Their figures showed 

3 Eeider, G Zur Diagnose dei “Neubildung” bei klinische mikroskopischen 
Untersuchungen von Tianssudaten, Deutsch Arch f klin Med, 1895, liv, 544 

4 Dock, G Cancer of Stomach in Early Life and the Value of Cells in 
Effusions in the Diagnosis of Cancel of the Serous Membrane, Am Jour Med 
Sc , 1897, exiii, 655 

5 Warthin, A S The Diagnosis of Primary Sarcoma of the Pleura from the 
Cells Found in the Pleuritic Exudate, Med News, 1897, Ixxi, 489 

6 Turton, E The Cytodiagnosis of Pleuial and Cerebrospinal Fluids, Prac- 
titioner, London, 1905, Ixxiv, 497 

7 Widal, F , and Abrami, P Cytodia gnostic du cancer des centres nerveux 
Presence de cellules n^oplastiques dans le liquide cfiphalo rachidien endocardite 
vhgetante cancfireuse, Eev Neurol , 1909, xvii, 75 

8 Faechini, G Un caso di sarcomatosi diffusa metastatica della pia meninge 
cerebrale e spinale con caratteristico reperto citodiagnostica del liquido cefalo 
rachidiano, Pohclinico, Home, 1908, xv, 977 

9 Marini, D G, and Fiorini, M Valore delT esame istologico dei liquidi 
ascitici nella diagnosi della neoplacie peritoneali, Eiforma Med , 1908, xxiv, 1 
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cells witli several separate nuclear masses but without mitotic skeins 
Such cells aie found in a great many effusions other than malignant ones 
In spite of a careful search of the literature, the above were the only 
cases discovered m which exudates due to malignant disease showed 
free cells undergoing mitotic division It is probable, of course, that 
others have been observed and that a few reports have been overlooked 
Eaubitschek^® has expressed the opinion that division figures, typical or 
atypical, indicate the neoplastic nature of the exudate with a probability 
bordering on certainty 

On the other hand, numerous effusions complicating malignant disease 
have been lepoited in which division figures were not described Seven 
such were reported by Eoss,“ six by Schlesingei,^^ five by Barjon and 
Cade,^® two by Gvyn,^-* three by Miller,^'^ one by Vickery, Wright and 
Eichardson,^® one by Miller and Wynn,^^ two by Beneke,^® and one by 
Gulland Labbe, DeLillie and Aguinet^^ report a case of sarcoma of the 
pleura in which they recognized sarcoma cells but were unable to find divi- 
sion figures Nattau and Larrier-^ also recognized eaneer cells in cases of 
cancerous pleurisy but were unable to find divisions In two eases of malig- 
nancy during the past year we were unable to find division figures In 
many of the above cases division figures were expressly looked for while 
in others no mention was made of their absence Malignant disease may 
cause exudates by a mechanical obstruction of the veins or lymphatics 
or by exciting a low-grade inflammation In many of these cases, how- 

10 Eaiibitschek, H Die cytologie der E\- und Transsudate, Centralbl f d 
Grenzgeb d Med u Cbii , 1906, ix, 337 

11 Koss, E A A Study of Cytodiagnosis with Especial Reference to Its 
Application in Clinical Medicine, Tr Path Soc London, 1906, Ivii, 361 

12 Schlesinger Uebei das Auftreten von Mononucleose in Pleura exudation 
bei Lungen- und Pleuratumoren, Wien Gesellsch f inn Med u Kinderh , 1909, 
xii, 960 

13 Barjon, E, and CadS, A Eosinophilic pleurale. Arch gen de med , 1903, 
cxcii, 1859 

14 Gwyn, N Carcinoma of Abdominal Cavity Puncture of Intestine During 
Paracentesis Abdominis, Am Jour Med Sc, 1904, cxxvii, 592 

15 Miller, J Transudates and Exudates with Report on Seventy-Five Fluids, 
Am Med , 1904, viii, 835 

16 Vickery, H F, and Richardson, 0 Malignant Disease of Pleuia, Boston 
Med and Surg Jour, 1907, clvii, 824 

17 Miller, J , and Wynn, W H A Malignant Tumor Arising from Endo- 
thelium of the Peritoneum and Producing a Mucoid Ascitic Fluid, Jour Path 
and Bacteriol , 1908, xii, 267 

18 Beneke Uebei freies Wachstum metastatischer Geschwulstelemente in 
seiosen Hohlen, Arch f klin Med , 1899, Ixiv, 237 

19 Guilland, G L Cytodiagnosis of Pleural Effusions, Scot Med and Surg 
Joui , 1902, X, 490 

20 Labbe, Delillie and Aguinet Cytodiagnostic de la pleurfisie sarcomateuse. 
Bull Soc d’anat de Pans, 1902, Sene VI, iv, 507 

21 Nattau and Lamer Cytologie des pleurCsies cancereuses, Compt rena 

Soc de biol , 1905, p 709 
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ever, tumor tissue involved the serous membranes and not a few authors 
legal ded the cells piesent in the effusion as tumor cells We have already- 
mentioned the difficulty of recognizing free-growing tumor-cells in serous 
exudates In Beneke’s third case, however, the cells showed pigment 
similar to that in the parent melanosaicoma and there was little doubt 
about their nature In the great majority of eases, therefore, mitotic 
figures have not been found m the exudates accompanymg malignant 
disease Occasionally, however, they occur m such number as to form the 
most strilang feature of the cell-count 

There remains for consideration the occurrence of mitotic figures in 
the cells of exudates due to other causes than malignancy Personal 
experience as well as a review of the literature indicate that mitotic 
figures are extremely rare in such exudates Only two instances have 
been encountered m literature One was reported by Dock m a pleurisy 
following the removal of a diseased appendix This was probably of an 
mfectious character as was shown by the large number of pus-cells and 
the presence of streptococci The other was reported by Boss, in a patient 
whose clinical history suggested tuberculosis and who was m satisfactory 
condition eleven months after the tapping In Dock’s case the number 
of mitotic figures was not very great, in Boss’ they were said to be 
numerous, and it is to be regretted that more data concerning this case 
are not available The extreme rarity of mitotic figures m non-malignant 
effusions is now well established, for the active interest in cytodiagnosis 
during the past few years would certainly have brought to light more 
cases had they existed It is probable, as Dock has said, that "the differ- 
ence between malignant and non-malignant exudates in this regard is of 
degree rather than of kmd ” Where great numbers of figures are found, 
the diagnosis of malignancy is almost certain while, wheie few are present, 
the diagnosis is suggested but not certam 

The cases showing numerous, actively-dividing cells, free in the fluid 
have occurred most frequently m cases of sarcoma In Dock’s case, how- 
ever, the diagnosis was colloid carcinoma Beneke has described a ease of 
carcinoma involving the pleural cavity in which balls of free-growing, 
unattached tumor-tissue were found in the pleural caviiy The cells in 
these balls frequently showed mitotic figures In two cases of sarcoma, 
on the other hand, he found free, individual cells which he regarded as 
tumor-cells He is indined to explain the difference by assuming that 
in carcinoma new stroma was formed which held the cells together, while 
in sarcoma this was lacking and the cells appeared free in the fluid 
When many mitotie figures aie present the tumor-cells are proliferating 
actively in the body-fluids The condition may be of some biological 
interest in connection with the fact that tumor-cells have recently been 
cultivated outside of the body Their free growth in a serous exudate 
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would seem to indicate that the body defenses have practically succumbed 
to the neoplasm 

CONCLUSIONS 

1 Veiy many cells undeigoing mitotic division in serous exudates aie 
almost diagnostic of malignant disease 

2 This occurs more often in saicoma than in carcinoma 

3 A small numbei of mitotic figures is suggestive of malignant dis- 
ease but IS of no certain value in diagnosis 

4 In the ma 3 ority of the exudates assoeiated with malignant disease 
no division figures are seen 

I wish, to thank Di A hi Barrett for the microphotographs which he so 
Willingly made foi me 


/ 



PEECUSSION SIGNS OP PEESISTENT OE ENLAEGBD 

THYMUS 


THOilAS E BOGGS, MD 
baltimobe 

Although we know very little about the functions of the thymus, it 
has certain clinical associations which make it important, and eloser 
ob'^ervation may enlarge our knowledge of its relation to disease 

The gland occupies a position high m the superior mediastinum, lies 
close to the sternum and it is not covered by the lungs Ordinarily the 
lobes are unequal, the left being the larger and longer, often extending 
as low as the fourth rib in infants The gland is attached by one or two 
suspensory or thyrothymal ligaments to the lower poles of the correspond- 
ing thyroid lobes Otherwise the thymus is but slightly bound to the 
surrounding tissues and is free to move in the direction of the long axis 
of the sternum If it is borne in mind that the thyroid gland is m turn 
connected to the hyoid bone and from this to the mandible by more or less 
continuous ligaments and muscles, it is seen that a ligamentous chain 
extends from the anterior part of the lower jaw obliquely downward and 
backward to the thjunus 

This connection is of interest in explaining the mechanics of the 
movable thymus dulness described below, for m retraction of the head, 
more tension is brought to bear on the structures anterior in the neck 
than those lying close to the vertebral column, and these structures move 
through a greater arc 

In the normal atrophic state of the adult thymus, the small amount 
of gland substance and areolar tissue is too thin to give any appreciable 
dulness on percussion over the manubrium, or just to the left of the 
sternal margin But if, for any reason, the gland has not atiophied or 
has become enlarged, then there is a dulness easily determined on medium 
percussion over the manubrium and in the first and second left inter- 
spaces more rarely m the third mterspace In many cases, also, this 
dulness is perceptible to the right of the sternum in the first mterspace, 
less frequently in the second 

The differentiation of dulness m the mediastinum due to thymus 
enlaigement fiom other masses in this region will depend on several 
factors 

*Read at the twenty sivtli annual meeting of the Association of American 
Physicians, Atlantic City, May 9-11, 1911 
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1 The thymus is higher and more superficial than the mediastinal 
lymph-glands usually involved in tuberculous or other mediastmitis, or 
which may be the seat of piimary or metastatic tumors These lymphatics 
lie deep, near the hilum of the lung, and when diseased, are usually more 
or less fixed by adhesions to the surrounding tissues It is further to be 
observed that thoiacic aneurysms, tumors, or inflammatory masses of 
the mediastmum are piactically fixed m position and no considerable 
change in percussion is made out, when the head is reti acted 

2 Thymus dulness is almost constantly much more marked on the 
left of sternum than on the right 

3 Thymus dulness can be made to shift by the followmg maneuver, 
VIZ The patient sits up , the back is suppoi ted by the nurse or assistant, 
if necessary The chin is depressed toward the sternum The dulness 
is outlmed behind the manubiium and in the intei spaces, then the head 
IS retracted as fai as possible toward the mid-lme of the back and, on 
repeating the percussion, the lower bordei of dulness will be seen to have 
shifted upward, often as much as an interspace or more On agam 
depressing the chin, the dulness assumes its foimer position In recog- 
mzing minor degrees of movement, it is advisable to keep the pleximeter 
fingers constantly in place, avoiding the slight movement of the skin by 
first pushing the skin up toward the neck before the retraction of the head 
puts it in tension 

Another point which may be noted here is the fact that in some cases 
of persistent or enlarged thymus, there may be no dulness in the first 
intei space, but only in the second and below it In such instances, a 
shift in both upper and lower borders of dulness may be made out 

The material on which these deductions are based was derived from an 
orphan asylum for colored giils and from the wards of the Johns Hopkins 
Hospital and the City Hospital 

In the orphan asylum, sixty-six girls were exammed during an epi- 
demic of measles Of these, fourteen had the disease or were convalescent 
In age they were between 5 and 18 years, thirty-seven of them between 
10 and 14 years Of the sixty-six children, thirty-five showed positive 
signs of persistent or enlarged thymus This number included twelve of 
the measles eases All but three of the positive cases showed general 
lymphadenitis of varying grades, many had also hypertrophied tonsils 

Of the hospital patients, fourteen in number, nine weie between 8 and 
18 years, and five between 22 and 47' years Of the fourteen patients, 
only five were colored The children were nearly all sick with acute infec- 
tions, including typhoid, pneumonia, pleuritis, diphtheria, etc Of the 
adults, two had exophthalmic goiter and two diphtheria, though it is 
to be observed that these last have still the same signs of enlarged thymus, 
a yeai or more after the diphtheria The extent of dulness varied from 
3 to 7 cm from the midsternal line, the average being about 2 5 to 3 cm 
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Only two patients conld be examined with Eontgen ray Both had 
veiy large glands and showed a shifting shadow in the thymus legion to 
left of the manubiium 

One case of the series came to autopsy, when the percussion findings 
weie amply confiimed by the presence of a gland measuring 9 cm by 
8 cm by 2 cm 

In conclusion, it may be remarked that lymphatic hyperplasia seems 
to be more common in the black race, which may explain the high per- 
centage of positive findings in the orphan asylum children 

This method is put forward tentatively and for criticism, as it has 
not been noted in the literatuie on physical diagnosis 

Special thanks aie due to Drs C E Austiian and W L Estes for assistance 
in the study of the oiphan asylum cases 

21 West Chase Sheet 



NITROGEN AND EAT METABOLISM AND OTHER EHNC- 
TIONAL TESTS IN A CASE OF CHRONIC 
PANCREATITIS 

HENRY G BARBOUR, MD 

BALlIilOKG 

A case of chionic pancreatic insufficiency without diabetes will be 
reported here, with special lefeience to the metabolism of nitrogen and 
fat A discussion of othei functional tests of the pancreas is included 
The patient was one of Di L. F BaikePs in the medical clinic of the 
Johns Hopkins Hospital This report falls under three general heads 
(1) Clinical Course, (2) Metabolism Studies, (3) Other Functional 
Tests 

CLINICAL COUESE 

Patient — ^ilecl No 24917 W P R, aged 34, attorney Admitted Nov 20, 
1909, complaining of indigestion and diarrhea The following history was obtained 
at that time 

Family History — Negative A long-lived healthy family 

Personal History — He had had the usual diseases of childhood, and diarrhea 
of \arying severity from the age of 3 to 13 years, malaria at 22, “eczema” with 
painful pruiitus of arms, legs and back, from the age of 25 to 30 years There 
were occasional attacks of sharp pain in abdomen during greater part of life 
Alcoholic and venereal history were negative 

Present Illness — ^Began Septembei, 1908, with nocturnal attacks of severe 
pain in epigastrium Occurrence every three or foui nights, gradually increasing 
in frequency until occurring every night Entered a hospital in North Carolina 
Nov 19, 1908, with diagnosis of cholecystitis 

Opeiation — Nov 24, 1908 Pus was found in gall-bladder and about 75 gall- 
stones were removed ranging in size from a wheat grain to a pea A few were 
found in the hepatic duct and one in the common duct No bile in stools at time 
of operation Bile appeared first on the third day after operation Left hospi- 
tal after one month 

Jaundice, present previous to operation, persisted until March, 1909 A skin 
rash on head, arms, legs and lower abdomen in the form of red concentric rings 
appeared with pruritus at close of January, 1909, duration tliiee weeks 

Patient has not had a formed stool since operation Stools are said to have 
been for the most part pasty, yellow or clay colored Feb 15, 1909, diarrhea 
began, with one to five stools a day, continuing to the present time Marked 
loss of weight 

Patient was in a sanatorium from March 25 to May 15, 1909, with temporary 
anasarca Since then unable to work except»a small amount in September, 1909 
Has had no abdominal pain since operation and gives no history of excessive 
salivation 

*From the Chemical Division of the Medical Clinic of the Johns Hopkins 
Hospital 
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Physical Examination — A very much emaciated man, muscles markedly 
wasted Extreme pallor of mucous membranes Mind cleai and active Eyes, 
ears, throat, lungs and heart normal Pulse, small volume, regular in force and 
rhythm, artery wall slightly sclerotic Abdomen scaphoid, walls thin Large 
operative scar in light upper quadrant Liver edge slightly lower than nonnal 
Spleen not palpable ' Rectal examination negative Reflexes normal 

Ut me —Amber or oiange color, slightly cloudy, specific gravity 1008-1020 
Acid No sediment Sugar negative Albumin 0 25 gm (Tsuchiya reagent) 
Microscopic examination negative Bile -f Urobilin -f Indican negative 
Cammidge reaction No crystals were obtained from 50 c c From 4 liters^ large 
yellow sheaves soluble in dilute sulpliuiic acid were obtained with melting- 
point 130 F ° 

Stools — INIacroscopic Nov 20, copious semi-solid, very fatty throughout, 
appearing like butter and giving the odor of butyric acid Large quantities 
of undigested particles of meat, potatoes, etc After November 22, dark brown, 
thick £uid, steatorrhea diminished or absent, still many undigested food par- 
ticles Stool sometimes showed oily layei over suiface Sublimate test for bile 
positive for urobilin, on one occasion showed biliiubin also Occult blood test 
negative Gross’ casein test showed piesence of trypsin Schmidt’s nuclei test 
showed few nuclei intact 

Microscopic Neutral fat in amounts varying with macioscopic appearance 
Large and small droplets staining red with Sudan III Fatty acid crystals 
Large numbers of striated muscle fibers, some showing nuclei intact No para- 
sites No stones of any sort 

Blood — Fresh smears normal R B C , 3,056,000 Later 4,000,000 W B C , 
7,000 Hemoglobin (Salili) 70 to 79 per cent 

Stomach Contents — Forty -five minutes after a Dock test bieakfast (1 
shredded wheat biscuit with 400 cc of water), 40 c c of fluid were recovered 
containing no free hydrochloric acid Total acidity 4 0 “acidity pei cent ” 

Patient’s weight lOOV^ pounds 

Subsequent Course — Little change in condition during two weeks of metabol- 
ism studies Weight varied as follows November 28, 101 pounds, December 5, 

97 pounds, December 10, 98% pounds, December 13, 101 pounds, December 
18, 103 pounds 

December 11, marked improvement began on light diet with pancreatm 
rhenania gr iii p c and CaCOj gr in p c Daily examination of uiine, while 
in hospital, gave negative Fehling’s tests without exception Left hospital 
Dec 27, 1909, weighing 120 pounds, including wearing apparel 

March 1, 1910 Patient began to have formed stools April 1910, weighed 
147 pounds May 10, 1910, examination by Dr Barker showed condition much 
improved, muscles growing rapidly Patient works seven hours a day Is taking 
6 gr pancreatm (r) with CaCOj daily August, 1910, discontinued all medica- 
tion Jan 2, 1911, at work and quite well Weight 158 pounds Examination 
of one day’s feces received on Jan 27, 1911, rather large amount, color varying 
from brown to yellow, consistency, thick, pasty throughout, no lumps Micro- 
scopic A fairly large number of muscle fibers with stnations intact No nuclei 
seen Numerous small and large fat globules (staining red with Sudan III) 
Urobilin abundant Trypsin Gross’ test showed complete digestion of casein 
within fifteen hours 

Apiil 26, 1911 Patient writes that he is doing an average amount of norx 
and IS in every way normal, except for some nervous excitability and an occa- 
sional slight attack of diarrhea He weighs over 150 pounds, and has taken no 
medicine of any kind since last August, but still eats with regularity and care 

The cardinal symptoms of pancreatic insuflSciency are diabetes, ste- 
atorrhea and azotorrhea The last two alone are present in this case, 
mdicating impairment of the external secretion only 
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Chionic pancreatitis with indications so characteristic is relatively 
infrequent for several reasons (Osei^) 

1 For each digestive function of the pancreas, ferments in one or 
more collateral organs exist (e g, lipase in the gastric juice, putrefactive 
enzymes in tlie intestine, pioteolytie ferments in the gastric juice and 
succus entericus) 

2 Santorini's duct may compensate entirely for the obliteration of 
the duct of Wirsung 

3 A large part of the pancreas being functionally deficient, a small 
remnant will often suffice for the work required 

4 Pancreatic disease is fiequently combined with disease of neigh- 
boring organs 

It has been suggested further, by A Schmidt and others, that m 
simple obstruction the ferments may reach the intestine by way of the 
ciiculation (Posenbeig explained the condition of his dog during the 
first month in tins way See Table 2 ) 

Before a diagnosis of chionic pancieatitis can be established, two 
other conditions must be considered in which azotoirhea and steatorrhea 
may occur i e, biliary obstruction and impaired intestinal absorption 
The first, although it had played an important part m this case, was 
excluded by the absence of jaundice at the time and for the previous nine 
months The chaiactei of the stools was distinctly pancreatic rather than 
biliary Such conditions as amyloid disease, atrophy of the mtestinal 
mucosa, tabes mesenterica and tuberculous peiitonitis were excluded by 
lack of confirmatoiy evidence, histoiy of cholecystitis and most con- 
clusively by improvement under organotheiapy Accelerated peristalsis 
and intestmal catairh can cause marked piotem and fat losses 

JIETABOLISjr STUDIES 

Literature Clinical and experimental cases of pancreatic insuffi- 
ciency have been compiled in Tables 1 and 2, respectively They are 
selected chiefly with reference to studies m which the intake and output 
of protein and fat have been carefully compared The later ones, as in 
this case, illustrate the effect of various therapeutic measures , some older 
cases are included which exhibit features of special interest, although 
furnishing no quantitative data 

Those of Kuntzman and Richard Bright were the first, in which the 
correlation of fatty stools with pancreatic disease was established Pies 
first noted the presence of unabsorbed protein in large amounts, as well 
as fat, and was able to vary these conditions at will by the feeding of 
fresh pancreas 

The first quantitative studies were directed toward estimating the 
proportion of fat contained in the feces This has been done in many 
cases Muller gives 21 per cent as a normal figure Brugsch has eon- 



EENRY G BABBOUB 


6G5 


eluded that a fat content of over 30 per cent of the dry weight of the 
feces suggests impairment in absorption This can attain to 80 per cent 
in icterus and the average for pancreatic disease is 60 per cent It may 
be much lower when azotorrhea is marked The pomt is one of com- 
paratively slight value, as Muller states in his classical ‘TJntersuchungen 
uber Icterus ” 

Here he insists that the percentage of fat cleavage is far more 
significant In his three cases, the average proportion of total fat found 
in split form is 39 per cent , 84 3 per cent is the figure which he gives as 
normal Katz holds that a cleavage of less than 70 per cent indicates 
pancreatic impairment Titz,-^ m a compilation of ten cases of undoubted 
pancreatitis in which the fat cleavage was noted, finds variations all the 
way from 8 4 to 82 5 per cent He concludes, that in general the view of 
Muller IS borne out, that fat-splittmg is diminished In nine cases of 
Alexander and Hiy, the split fat varied from 9 to 86 per cent Brugsch, 
on the contrary, believes that in acute and chronic pancreatic disease, the 
fat splitting IS practically uninfluenced The soaps may be diminished in 
amount on account of decreased alkalinity 

The absorption of nitrogen and fat in pancreatic insufficiency was first 
studied quantitatively in the well-known work of Abelmann This was 
done on Minkowski’s dogs, immediately after the latter with von Mering 
had demonstrated the relation of pancreatectomy to diabetes 

Abelmann obtained a higher degree of absorption when fat was fed in 
emulsified form (especially as in milk) , nitrogen and fat absorption were 
both improved by the feeding of pigs’ pancreas or ^^pancreatinum ” 
Brugsch found, in contradiction to Abelmann, that fats in non- 
emulsified form are not wholly unabsorbable for totally panereatectomized 
dogs He further believes that, in the human intestine, milk is no better 
absorbed in pancreatic insufficiency than non-emulsified fats 

In thirteen of the clinical cases since that time, the average absorption 
of fat has been 45 2 per cent of the mtake (where the effects of organo- 
therapy are excluded) The figures, however, have varied widely In 
one of Brugseh’s cases with complete biliary and pancreatic obstruction, 
11 per cent only was absorbed, while in the present case, on a low diet 
with fat given chiefly as milk, 95 7 per cent was absorbed without 
therapy There is good evidence that fat absorption fares worse when 
panel eatie disease is complicated with icterus 

In regard to nitrogen absorption, we have a more constant finding m 
the various cases reported It is rarely found below 50 per cent or above 
80 per cent m chrome pancreatitis The average of eleven cases in 
Table 1 (theiapeutic effects excluded) is 63 2 per cent Biugsch’s 75 
to 80 per cent probably places it too high He regards the nitrogen 
disturbance as quite secondary m importance to that of fat 'Weintraud, 
on the other hand, probably came nearer the truth m attributing to the 
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TABLE 2 —EXPERIMENTAL PVNCREATITIS IN DOGS 
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mtiogen absorption figure, the greater importance in pancreatitis It is 
more consistently low, and its significance is neither so much obscured 
by a complicating biliary obstruction nor as markedly affected by vaiia- 
tions in diet as is the fat A third factor which may complicate the fat 
metabolism, is the diabetic acidosis Brugsch brings this forwaid to 
explain Sandmeyer's experimental work (Table 2), in which the latter 
obtained absorption figures for fat varying from 0 to 78 per cent 

Our metabolism work (Table 3 and Chart 1) is divided into three periods 
Nov 23-29 (no theiapy) , Nov 30 Dec 4 (hydrochloric acid dil TT^xv with 
meals), Dec 5 6 (pancreatin gr vi, t i d) The Schmidt Strasburger^* diet 
was given for the first foui days It contains in one day’s portion 1 6 liters 
milk, 100 gm zwieback, 2 eggs, 50 gm butter, 125 gm beef, 190 gm potatoes, 
80 gm oatmeal This represents about 10 9 gm mtiogen. 111 gm fat and 191 
gm caibohydrate, and is given in five separate meals A mixed diet was given 
on the two following days, no analyses being made, after which were given 
special diets No 3 and No 4 These were similar to the Schmidt Strasburger 
diet and the amounts of nitrogen and fat contained in each are noted in Table 3 

The total urine and feces for each 24-hour period was collected daily at 7 
a m The analyses of excieta received on any given day aie tabulated under the 
date immediately preceding 

The nitrogen estimations were made by the Kjeldahl method, and the fat 
was obtained by the usual ether Soxhlet extraction In general the laboratory 
proceduies were the same as those employed by Brugsch 

The tables show that the mtiogen absorption during the first period 
averaged 55 8 per cent of the amount ingested Hydrochloric acid was 
given during the second period, at the suggestion of Professor Barker, 
in the hope of favoring pancreatic activity by the stimulation of secretin, 
the patient’s condition being one of marked anacidity as stated above 
The nitrogen absorption, however, fell to an average of 47 6 per cent for 
these five days, thus confirming the statement of Ehrmann and Lederer^® 
that achylia and anacidity are favorable rather than inimical to pancreatic 
function During the '^pancreatin” period, the nitrogen absorption cor- 
responded very closely to that of the first peiiod 

In none of the four fat analyses were abnoimal figures obtained, and 
we have noted above that the striking butter-like stools of the first few 
days were soon replaced by stools of a liquid brown character The only 
explanation of this lies in the fact that after admission to the hospital, 
the diet contained limited amounts of fat given in easily absorbable form 

The nitrogen balance remained normal throughout the experimental 
period indicating that, in spite of deficient absorption, the patient was 
not forced to draw on his rathei meager supply of tissue protein during 
this time 

The administration of pancreatin rhenania with alkali followed a few 
days after the conclusion of the metabolism studies, and rapid improve- 
ment then ensued 
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The relation of the nitrogen and fat to the total dry weight of the 
feces was nitiogen (average of thiiteen analyses) 34 4 per cent , fat 
(average of four analyses) 40 5 per cent 

OTHER EUHCTIOHAL TESTS OP THE PANCREAS 

Of the many tests devised foi ascei taming the functional condition of 
the panereaS;, but few have been pioved of clinical value 

As indicative of impairment of the internal secretion, Loewi-“ supple- 
ments the tests for glycosuria oi low sugar tolerance, with his epmephrm 
mydriatic reaction It is based on certain veiy obscure and complex 
relations between the glands of internal secretion and the nervous system. 



on which the metabolism studies of Eppinger-^ and others bear very 
mteiestingly The practical value of the reaction is far from being 
established 

For the study of the function of the exteinal secretion aie available, 
on the one hand, the end products of metabolism, and on the othei, the 
amounts and distribution of the enzymes themselves 

In addition to detei mining the presence of azotorrhea and steatorrhea 
and the quantitative study of these conditions with relation to the diet, 
we applied Schmidt’s nuclei test Centimeter cubes of beet veie enclosed 
in silk and haidened m alcohol After washing with vater for three 
hours, several of these weie given to the patient The} were latei 
recovered in the stools and studied microscopically after treating with 
acetic acid Very few nuclei were found intact This negative result is 
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of little value as legards the action of the pancreatic 3 uice, for nucleases, 
11 respective of tiypsin, may occui m the intestinal tract Had large 
numbers of nuclei been found, howevei, or had only the peiipheral fibers 
of each cube given evidence of digestion, the result would have been very 
suggestive of pancieatic insufficiency 

The amount of lecithin in the feces was comparatively large in 
Deucher’s thiee cases of panel eatitis, and later workers have not disproved 
that such an increase may be of value as a functional indicator 

Geihaidi,-® in 1886, stated that, especially m intestinal obstruction, 
a low output of indican signifies decreased proteolysis, due to pancreatic 
insufficiency Later observations on this pomt have been widely diverse, 
an increased output being shown in many cases Controlled tests showed 
no indicanuiia in the piesent case, but it must be borne in mmd that 
peiistalsis was lather lapid 

The pancieatic ferments themselves aie made the basis of certam 
functional tests For tiypsin in the feces, we employed the casein test 
of Gross It IS based on the fact that casein m an alkaline solution 
will disappear in the piesence of tiypsin The addition of dilute acetic 
acid demonstrates the presence oi absence of casein after time has been 
allowed for digestion Trypsin was piesent in the feces during our 
metabolism work and in Januaiy, 1911 

Goldschmidt®® offers a quantitative modification of the Gross test 
Schlecht,®^ following E Muller, demonstiates proteoljdic action by the 
formation of a hole in solidified serum, on which a drop of the ferment- 
containing fluid has been placed 

Sahli’s®® well-lcnown glutoid capsules resist gastric action, but are 
soluble in pancreatic juice An indicator, such as iodoform, is thus set 
free in the duodenum, and may be detected m the saliva or urine This, 
again, has been found an unsatisfactory test for pancreatic impairment 
Its chie:^ value is in indicatmg the motility of the stomach 

The feces may be tested for lipase with the ethyl butyrate test of 
Kastle and Loevenhart 

The third pancreatic ferment, diastase, was neglected as an indicator 
until 1907, when Ambard, Binet and StodeP® suggested that tests be made 
for it after administration of a purgative Purging m the normal indi- 
vidual pioduces a stool containing abundant diastase This test has been 
extended by "Wynhausen,®^ using the method of Wohlgemuth, for detection 
of the ferment 

We are not confined to the feces, however, for evidences of pancreatic 
juice in the alimentary canal Boldyreff®® has shown that an ^^oil break- 
fast” will cause a back flow of pancreatic juice and bile from the duo- 
denum into the stomach He gave 100 to 200 c c of 2 per cent oleic 
acid m olive oil One-half to an hour later he removed the stomach 
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contents, in which could be demonstrated the pancreatic ferments Tol- 
hard states that olive oil alone may be used According to Ehrmann and 
Lederer, the stomach contents, if acid, should first be neutralized 

Salomon suggested the feeding of ‘^pancreon” and similar preparations 
as a therapeutic test of panel eatic insufiiciency 

The much discussed reaction of Cammidge®® has yet to be mentioned 
This worker has claimed a specificity for certain crystals obtained after 
a complicated chemical procedure in the urine of pancreatitis Much 
evidence has now accumulated to indicate that the test is not only cumber- 
some, but almost without significance Last year Dr G H Whipple®"^ 
and others showed that similar crystals may be obtained from the products 
of autolysis of tissues and other sources Negative tests were obtained in 
fifteen of nineteen cases of pancreatitis repoited by Deaver®® in his recent 
discussion of chronic pancreatitis from a surgical standpoint Kinney 
has reported 154 various cases in which the test has been applied 

Cammidge himself has modified his procedure in several ways For 
example, 10 c c of urine was at first asserted to suffice for the reaction, 
while his present method requires 4 liters — a very suggestive discrepancy. 

Using the “C” reaction, 50 cc of urine from this patient gave a 
negative result When 4 liters were taken, large yellow ^^sheaves^^ weie 
isolated which dissolved in dilute sulphuric acid Their melting point, 
however, was 130 E, instead of 170 to 180 P, as observed by Cammidge 


CONCLUSIONS 


1 The case described is one of chronic insufficiency of the external 
secretion of the pancreas subsequent to acute cholecystitis 

2 There has been no diabetes at any time 

3 Willie azotorrhea and steatorrhea were both marked features on 
admission, the fat absorption was over 95 per cent during the metabolism 
observations 

4 The nitrogen absorption during a period without therapy averaged 
55 8 per cent While hydrochloric acid was given, the average was 47 6 
per cent During the feeding of panereatin (not rhenania) 54 2 per cent 
of the ingested nitrogen was absorbed 

5 The nitrogen balance was noimal during the metabolism work 

6 Eapid improvement followed the administration of panereatin 
(rhenania) and calcium carbonate 

7 None of the other functional tests applied to the case gave signifi- 


cant results 

8 Prom 4 liters of urine atypical ‘Uammidge ei}stals” vere isolated 

It affords me the gieatest pleasure to express to Professor Barker mj 
.rratitude, not only for the opportunity of carrying on this work in the 
the chemical laboratory of the medical clinic, but also for nis kindb mtert^t 
the work and his many helpful suggestions 


ili 
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I am fulther very much indebted to Dr E A Slagle for Inosfc valuable 
assistance in the chemical ivoik 
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THE METABOLISM IN A CASE OE IDIOPATHIC 
OSTEOPSATHYKOSIS * 


A BOOimAN, MD 

NEW YOEIC 

To tlie kindness of Di B Sachs, to whose service at Mt Sina; 
Hospital this case was admitted on Oct 16, 1909, is due the opportnnitj 
of making this study A synopsis only of the history and clinica] 
features is given, as the case will subsequently be presented fiom the 
clinical point of view by another hand 

Patient — B G, male (admission number H1186), family history and pre- 
vious history yield nothing of importance Veneieal infection denied, no drug 
habits, no acute infection piecedmg onset 

Piesent Illness — About fourteen months befoie admission patient bioke right 
humeius in the upper third with veiy slight trauma Two weeks after this 
injury he broke the left humerus in the upper third while raising the window 
Both fractures healed very quickly Following these injuiies patient noticed that 
he was growing weak and thin, the muscles of both arms weie beginning to 
atrophy and his stiength rapidly diminished Before the illness patient iveighed 
130 pounds The atrophy of the arm muscles was followed by a rapid wasting 
of all the skeletal muscles Foi twenty-four weeks previous to admission he has 
been unable to walk, and raises himself to a sitting posture with great difficulty, 
no pain or paresthesias Five weeks befoie admission a bottle fell on his right 
arm and cracked the bone, as shown by a?-iay Ihis fiacture has since healed 
Of late he has been complaining of headaches, no vertigo, no difficulty in swal- 
lowing, no urinary distuibance, bowels constipated, appetite fair, vision and 
healing good 

Fiist Physical Examination — October 16, 1909 General condition pooi , 
patient pale and emaciated 

Head Faiily well foimed, forehead receding EYpiession dull, no skull 
tenderness, marked general alopecia Speech noimal 

Eyes Right pupil somewhat larger than left and irregular, pupils react 
promptly to light and accommodation No palsies of orbital muscles, no nystag- 
mus Conjunctivjc pale, corneal refle's. present 

Face No palsies, jaw reflex present, sensations normal 
Mouth Teeth and gums in very poor condition, marked fetor Throat 
negative Pharyngeal reflex present 

Skin Few scattered scars on back and extremities, not pigmented 
Glands Palpable ingumals, axillanes, posterior cervical and small epi- 
trochlears 

*From the Laboratory of Physiological Chemistry, Mount Sinai Hospital, 
New York 
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Thyroid Showed no evidence of abnormality 

Chest Marked atropliy of all muscles Narrow, emphysematous, marked 
depressions above and below clavicles 

Lungs Posteiiorly, marked hyperresonance ovei bases, otherwise negative 

Heart Showed no abnoimality Maiked sclerosis of radial aiteiies Ten- 
sion normal 

Liver and Spleen Negative 

Abdomen Superficial rcfie\es present, ciemasteiic iefle\es present No 
abnormality 

Genitals Negative 

Extremities Upper, No ataxia, no tremor In upper part of left humerus 
there was a callus at site of the old fiacture xU junction of upper third and 
lower two thuds of light liumeius there was slight thickening of bone (old 
fracture) 

Lowei Patient walked with great difficulty, gait uncertain, waddling, “goose- 
like ” Power in both legs equally diminished in all groups of muscles No 
ataxia or tremor Knee-jerks increased on both sides, achilles reflexes increased 
No clonus, Babinski, Mendel, nor Oppenheim Sensation normal 

October 18 (Di Sachs) Atrophy (especially of arm and leg muscles), and 
stiffening Considerable stiffening of uppei part of spinal column Forearm 
muscles little affected, deltoids hardly Interosseous spaces in both hands very 
distinct Hand muscles wasted, especially hypothenar of left hand Reflexes of 
upper extremities lively On striking forearm at anj’’ point there is contrac- 
tion of biceps and pectoral group of same side Grasp of both hands good 
Difficulty in getting up from chair Patient rises from chair as one suffering 
from muscular dystrophy and shows weakness of the deep spinal muscles below 
the mid dorsal level When placed on the flooi and asked to rise, he is unable 
to do so, chiefly on account of the weakness of the spinal muscles Marked 
atrophy both anteriorly and posteriorly of leg and arm muscles There is no 
bulbar paralysis present All muscular groups of extremities respond to strong 
faradism only In some groups the response is feeble No fibiillary twitchings 

Course of Disease — October 30 Sputum negative foi^ tubercle bacilli 

November 2 Condition much better, gamed nine pounds since admission and 
IS much stronger Able to rise from floor, but still with gieat difficulty Local 
muscular irritability less marked Otherwise no change 

November 3 No disturbance of pain or temperature sense 

Discharged Nov 15, 1909 

Readmitted Dee 13, 1909 

Jan 1, 1910 Complains of some pain in legs, has gained considerably in 
weight Able to rise from floor with assistance Gait still waddling Weak- 
ness of ilio psoas muscles chiefly, gluteal wasting Wasting of arm muscles, 
less of intrinsic hand muscles Reflexes unchanged 

January 10 On discharge, condition about same as on admission, slight gam 
in weight 

Readmitted Dec 20, 1910, complaining of maiked weakness 

Second Physical Examination — General condition fan , marked emaciation 
Pupils equal, reacting Upper extremities Limitation of motion of right 
shoulder joint and slight of left shoulder Marked atrophy of muscles of both 
forearms Loner extremities Loss of power in right leg, power slight m left 
Marked atrophy m muscles of thigh In middle of right tibia, on anterior sur- 
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face, was a small swelling about three-fourths of an inch in diameter, fluctuatino- 
not tender, slightly movable Otherwise unchanged since last stay in hospitaT 
Vomited frequently on and after December 23 ^ 

Died Dec 29, 1910 An autopsy was not -permitted 

Temperature during patient’s earlier stays in hospital always below 99 
A few days before death reached 99 4 F, and pulse which had previously been 
noimal in frequency, langed between 90 and 110 Eespirations, except during 
terminal period, normal in frequency ° 


Wasseimann and Noguchi reactions, Nov 12, 1909 
Kahski) 


Negative (Dr D J 


Blood Examination — Oct 19, 1909 W B C 11,000, E B C 4,300,000, 
hemoglobin 85 per cent Differential count Polynuclears 76 per cent , lar^e 
lymphocytes 14 pei cent , small lymphocytes 10 per cent ° 

November 2 Blood-pressuie Eight arm, 143 mm mercury Left arm, 138 
mm mercui y 


Weights 

Oct 

17, 

1909 

86 

pounds 

Oct 

22, 

1909 

89 

pounds 

Oct 

24, 

1909 

921/2 

pounds 

Oct 

31, 

1909 

95 

pounds 

Nov 

7, 

1909 

94 

pounds 

Nov 

14, 

1909 

96 

pounds 

Dee 

17, 

1909 

95 

pounds 

Dec 

24, 

1909 

CO 

pounds 

Dec 

26, 

1909 

95 

pounds 

Jan 

3, 

1910 

98 

pounds 

Jan 

10, 

1910 

97 

pounds 


Weight not recorded during last stay in hospital 

Average daily amount of urine passed during stay in hospital 2200 cc 
Specific gravity of single specimens varied from 1004 to 1034, faint traces of 
albumin, no sugar, acetone, nor diacetic acid was found at any time Hyaline 
and granular casts in small number were lepeatedly found 

Rontgen Ray Examination (Dr L Jaches) — Oct 24, 1909 One radiographic 
plate of the left shouldei shows the head, anatomical and surgical necks of the 
humerus to be cystic, the shaft shows a sponge-like appearance 

Oct 27 Two radiographic plates of hips and right shoulder-joint show cystic 
condition of bones with partial and irregular absorption 


If this case be considered one of osteopsathyrosis, it is in some res-peats 
unique, viz 

1 It showed marked and general muscular atrophy and weakness 

2 It was accompanied by polyuria 

3 It came at a more advanced age than most of the cases on recoid 

4 There is no hereditary element in the etiology 

As fai as could be asceitained, there is in the literature of this disease 
only one case^ in which special mention is made of the presence of 


1 SchulUe, I Arch f klin Clur (Langenbeck’s) , 1894, \hn, 329 
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muscular atrophy Ileie it is mentioned that with otheiwise well- 
developed musculatuie, theie was maiked atrophy of the muscles of the 
calves The piesumption is that it was due to disuse Poiiriei= legaids 
the musculai atrophy as the lesuit ot multiple fiactures This atrophy 
he states, most often i elates only to the musculai groups in i elation to 
the fiactuied bone Lai at, Eogei and Yoisin,® in a lecent study of the 
musculai leactions in then case found marked diminution of the electiieal 
reaction of the muscles, this being geneial and not confined to the site of 
fiactuie They consider the musculai lesions as contempoianeous with 
the osseous changes, as they appeal to have been in the piesent case 

As to the chemical composition of the bones in osteopsathyiosis, we 
have only the statement of Endeilen, who lepoits that m his case there 
was an inciease of oiganic substance and a deciease of mineral matter 
The diagnosis in this case, howevei, appeals to be open to doubt 

ISTo case of osteopsathyiosis has been investigated with leference to 
the metabolism The only statement bearing on it is that of Blanchard, 
who found an inciease of PjOj in the uime This finding taken by itself 
IS of no value 


RESULTS OF METABOLISM DETERMINATION 
I DAILY VRINABX RESULLS 


Date 

Total 

Creatinm 

Creatinm 

Cieatinin 

Amount 


N 


N 

N m % of 

in c c 





Total 






Unnary N 


12/19/09 

11 656 

0 9525 

0 353 

3 02 

2350 

12/20/09 

13 294 

0 704 

0 283 

2 12 

2380 

12/21/09 

9 243 

0 634 

0 235 

2 55 

1080 

12/22/09 

13 995 

0 942 

0 349 

2 49 

2840 

12/23/09 

10 643 

0 709 

0 263 

2 47 

2210 

12/24/09 

8 561 

0 554 

0 205 

2 39 

2080 

Totals 

67 392 

4 528 

1 688 




Creatinm coefficient = mgm creatmm nitiogen excreted daily per kilo body 


0 281 

weigkt = = 0 0065 

43 

Average of daily creatinm nitrogen m percentage of total urinary nitro- 
gen = 25 


2 Poirrier, H A L’osteopsathyiose, Thbse de Pans, 1906 07, p 103 

3 Larat, Koger and Voism Compt rend Soc de biol , 1909, Kvi, 728 

4 Schmidt, M B Ergeb d allg Path, etc, 1897, iv, 676 
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II SUMilASY OF RESULTS FOR SIX-DAY PERIOD 


Element 

Urine 

CaO 


6 2826 

MgO 


0 5711 

Total 

P 

2 5666 

Total 

S 

6 3838 

Total 

N 

67 392 


Feces 

Total 

Excreted 

7 2853 

13 5679 

0 7576 

1 3287 

0 8601 

3 4267 

0 7822 

7 166 

10 904 

78 296 


Total 
in Food 

Balance 

8 6279 

— 4 94 

1 1458 

— 0 1829 

3 986 

+ 0 5593 

8 0642 

+ 0 8982 

89 085 

+ 10 789 


III ANALYTICAL METHODS 


The metabolism was studied for a period of srx days, the patient being allowed 
to eat fieely of the oidinary hospital diet Each portion was weighed or 
measured and an equal amount ivas sent to the laboratoiy for analysis All 
the food was eolleeted for the period, dried on the water-bath, reduced to a fine 
powder and sampled for analysis® Only distilled water was consumed Salt, 
butter and bread weie weighed off in a quantity sufficient foi the six days The 
amount used was computed and these substances, except the butter, weie added 
in appiopriate amounts to the samples of food taken for analysis Buttei Foi 
calcium, magnesium and total phosphorus 30 gm weie digested in Kjeldahl flask 
with H0SO4, made up to 1000 cc and of this solution 100 cc taken foi each 
analysis* lotal sulphur was not determined in butter on account of the difficulty 
encounteied in making fusions Neuberg® states that theie aie only traces 

present 

The stools weie marked off with charcoal at the beginning and the end of 
the peiiod 

Urine was collected foi each tiventy-foui hour period, and sepaiate determina- 
tions of nitrogen, creatin and creatinin were made 

Total sulphur, total phosphorus, calcium, and magnesium weie determined 
on a mixed specimen consisting of aliquot parts of each day’s urine 

All deteiminations were made in duplicate, and analyses weie repeated when 
the results for the pairs did not agree 


Total nitrogen — Kjeldahl 

Creatin and creatinin— Folin , r, nr ww 

Magnesium and calcmm-Accord.ng to the method ot MeC.udden' eacept that 

the calcium was sulphur— Fusion with solid sodium hydrate and 

Total “fs„‘°“ss m hot water, made strongly acid with 

potassium nitrate ammonium phosphomolyhdate, which was dissolved 

™ mmoul,‘’pr°erpi“'i<l as Mg NH.PO. and weighed as Mg, PA holal sulphur 
weighed as BaSOi 

The diet tor sj^v days was ^ , Crach- 

Dec 18 M^|k,^32^oz ^ 0°atmeal, 120 gm , Egg, 17 gm , Water, 

24 oz 


5 McCrudden, F H 

6 Albu and Neuberg 


Jour iled Eesearch, 1903, iv, 135 
Physiologic und Pathologic des 


Mineralstoffw tchsels, 


Berlin, 1906 

7 McCrudden, F H 


Join Biol Chem, 1910, mi, S3 
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Dec. 19 Oatmeal, 120 gra , Milk, 24 oz , Egg, 180 gm , Cracker, 17 gm 
Watei, 40 oz , Zwieback, 17 gm , Meat, 195 gm , Cocoa, 8 oz , Potatoes' 

120 gm , Custaid, 30 gm , Ice Cream, 65 gm , ^pple Sauce, 140 fna , 
Prunes, 55 gm xr , & , 

Dec 20 Meat, 92 gm , Oatmeal, 117 gm , Cabbage, 112 gm , Milk, 18 oz , 
Custard, 40 gm , Water, 40 o/ , Soup, 8 oz , Cocoa, 8 oz , Cream, 1 oz , 
Potatoes, 110 gra , Oiange Juice, 3‘/j oz , Rice, 145 gm , Farina, 183 
gm , Egg, 93 gm 

Dec 21 Oatmeal, 45 gm , Water, 48 oz , Milk, 40 oz , Cocoa, 8 oz , Meat, 75 
gm , Rice, 135 gm , Potatoes, 114 gm , Custard, 75 gm , Prunes, 60 
gm , Soup, 8 0 / , Cream, 1 oz , Apple Sauce, 175 gm , Egg, 94 gm 
Dec 22 Oatmeal, 220 gm , Egg, 180 gm , Milk, 40 oz , Water, 40 oz , Chicken, 

60 gin , Rice, 180 gm , Potatoes, 150 gm , Soup, 8 oz , Custard, 35 gm , 

Cream, 1 oz , Fauna, 205 gm 

Dec 23 Oatmeal, 200 gm , Egg, 45 gm , Milk, 16 oz , Water, 32 oz , Cocoa, 8 

0 / , Potatoes, 100 gm , Soup, 8 o/ , Chicken, 70 gm , Rice, 160 gm , 
Cabbage, 100 gm 

From Dec 18 to 23 Bread, 039 2 gm , Butter, 92 gm , Salt, 13 gm 

Except in one particular — the small retention of magnesium — my 
zesults aie stiilangly similar to those of iTcCrudden® and the less com- 
plete findings of earlier woikers on the metabolism in osteomalacia It 
will be noted that hand in hand with a retention of nitrogen went a 
lelatively enoimous loss in calcium and a retention of sulphur and of 
phosphorus The loss of calcium occuried m spite of a large excess of 
this element in the food over the normal needs of the human body 
Towle® found that CaO, 0 014 gm per kilo body weight, were needed 
daily BenvalT® found that an adult man needed Ca 0 7 (CaO 0 98) per 
day The patient under consideration received daily CaO 1 332 = 0 03 
per kilo 

In this case the muscular atrophy and weakness were prominent fac- 
tois, and it is of interest to note that in part the findings are paralleled 
by those in cases where muscular atrophy was not complicated by such 
obvious bone lesions 

Thus, J ohannes Mueller^^ states that in a case of progressive muscular 
atrophy, there was found an increased excretion of sulphur and calcium 
This, however, he ascribes to a secondary atrophy of the bones Pember- 
ton, in a case of myasthenia gravis, found a marked loss of calcium 
amounting to 8 888 gm in the ten days of the investigation In another 
paper^® he states that no study of calcium metabolism is on 
record, in either muscular dystrophy or Thomsen’s disease In his case 

8 McCrudden, F H Am Jour Physiol, 1905, s.iv, 211, 1906, -cvii, 211 

9 Towle Am Jour Med Sc , 1910, c\l, 100 

10 Renvall, G Skand Arch f Physiol , 1904, ^.vl, 94 

11 Mueller, Johannes Habihtaiionsschi , Wurzburg (Abstr m Arch f 
Verdauungskrankh , 1897-98, lu, 282 

12 Pemberton Am Jour. Med Sc, 1911, cxli, 253 
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of myotonia atiophica, studied for five days, with a positive nitrogen 
balance of 28 265 gm there was a negative calcium balance of 0 566 gm 
In both of the above muscular diseases he found a decrease of creatmin 
in the urine as compared with the normal Spriggs^® found a similar 
relationship in progressive muscular dystrophy, myasthenia gravis and 
amyotonia congenita 

The creatmin findings in the case under consideration weie not 
obtained on a meat-free diet On this account the creatin values are not 
given The amount of preformed creatmin is, however, so little afiected 
by a model ate amount of meat m the diet’-‘‘ that we can disregard this 
factor The creatmin ratio in this ease was only slightly below the nor- 
mal, which IS from 7 to 11 mg , although the percentage of creatinm-N 
to total urinary IST is considerably below that found in normal cases 
(3 9) Whether this relationship alone would justify a conclusion that 
the muscular changes present played a minor idle m the causation of 
changes in the mineral metabolism can be determined only by fuither 
calcium and creatmin determinations m suitable cases 

Mention has already been made of the similarity of the findings in 
this case to those m osteomalacia The latter disease has been checked 
by castration, and McCrudden, in his case, found the consequent improve- 
ment in the symptoms to be accompanied by calcium letention, where 
befoie there had been a loss Similar results were obtained by hfeumann 
Ot late this disease has been shown to be amenable in some cases to 
injection of epmephrm^® Bossi^° also believes that this substance has a 
similar influence in the pelvic defoimities of rickets 

Carnot and Slavu^’’ have shown that in dogs mjected subcutaneously 
with epinephrm {cMorliydi ate d' adrenaline) ossification is much greatei 
than m controls They state that it seems to cause calcium letention 
These facts and many others point to a close relationship between 
changes in the bones and in calcium metabolism, and the functions of 
the organs of internal secretion Thus, Tansk and Vas^® found a slight 
loss of calcium in acromegaly Oberndorrfer^“ found a much moie marked 

13 Spriggs Quart Jour Med , 1907, i, 68 

14 Van Hoogenhuyse and Verploegh Ztschi f physiol Chem , 1908, Ivn, 101 
Folin, 0 Festschr f Hammai sten, Upsala, 1906, Klercker, Otto af Beitr 7 
chem’ Physiol u Pathol, 1906, viii, 60 Shaffer, P A Am Jour Physiol, 
1908, xxii, 449 

15 Bossi Centralbl f Gynak, 1907, Nos 3 and 6 Stocker Corr -B1 f 
Schweiz Aerzte, 1909, xvxix, 433 

16 Centralbl f Gynak , 1907, xxxi, 1560 

17 Carnot and Slavu Soc biol , 1910, Kvni, 832 

IS Tansk and Vas Pest med -chir Presse, 1899, xxxv, 191 

19 Oberndorrfer, E Ztschr f klin Med , 1908, Ixv, 0 
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loss amounting to CaO 8 77 gm in a ten day period In cietinism ossi- 
fication IS delayed 

Vaiions obseiveis have recently shoivn in expeiiments m animals that 
thymectomy leads to marked changes in the bones, rendering them softer 
and moie flexible,-^ oi leading to spontaneous fiactiue-- These changes 
are especially maiked in very young animals in which the bone is found 
to be largely replaced by cartilage Klose and Yogt"‘ have found that 
this operation causes a reduction of more than one-half in the calcium 
content of the bones, and Fraenkel-^ states that the th 3 Tnectomized ani- 
mals excrete more than twice as much calcium as the controls 

Paiathyioidectomy, McCalluni-® found, caused in dogs an inciease in 
calcium in the mine Othei obseiveis have had vaiymg results 

For the hypophysis Fianchmr^ has found that infection of its extract 
causes a marked calcium and magnesium deficit, and a smaller loss in 
phosphorus The influence of the isolated posterior lobe on metabolism 
was especially profound Falta-® also states that the hypophysis has a 
very maiked influence on calcium and magnesium metabolism Maleolm-® 
found that feeding the dried glandular portion caused increased calcium 
excretion with a considerable increase also in magnesium, and that the 
dried nervous portion also increases calcium excretion, but that magne- 
sium IS less afiiected With the fiesh gland, however, calcium retention 
ensued 

These facts have been mentioned because the coincidence of rapid 
wasting, spontaneous fiactuies, and a maiked polyuiia (which does not 
seem to be adequately explained by the slight evidences of nephritis) 
seems to point to some disturbance of the organs of internal secretion 
That the hypophysis may have played an impoitant pait here is sug- 
gested by Cushing’s summary^” of the results of infection and feeding 
expeiiments with this gland He states that ^hn the posterior lobe or its 
epithelial investment is a substance which raises blood-piessuie, dilates 
the pupil, causes diuresis, and, when given subcutaneously oi in 3 eeted 
over long periods of time, is likely to produce marked nutritional 
disturbances ” 
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While the facts m this case point towaid a distmbance of the oigans 
of internal secretion, it is not intended to select one or anothei of them as 
the one piimaiily at fault Both experimental and clinical investigations 
show that a disturbance of one of these glands is quickly followed by 
changes in others of the system 

McCrudden^^ has already suggested an etiological similaiity between 
rickets, osteitis deformans, and senile and puerperal osteomalacia, and 
to this we may add osteopsathyrosis If the common factor in these con- 
ditions should piove to be some distuibance of the oigans of internal 
secietion, this case would add evidence that they also play an impoitant 
part in the pathology of the muscular atrophies 

I wish to express my thanks to Dr I Ahrahanison for many kindnesses in 
connection with the woik, and to Di S Bookman foi suggestions in regaid to 
the analyses 

40 East Sixty-Second Street 


31 McCrudden The Ahchives Int Med , June 15, 1910, v, 630 



THE COAGHLATIOH-TIME OE THE BLOOD AS A.PEECTED 
BY VAEIOUS CONDITIONS 

IMYER SOLIS COHEN, MD 

PIIILADnLPIIIA 

An estimation of the coagulation-time of the blood is of little value 
unless one is acquainted vith the many factois that affect it Some of 
these factors aie extrinsic, acting on the shed blood, otheis are intrmsic, 
acting on the blood while it is still in the vessels Of the former factors 
many aie intioduced by the method employed foi measuiing the clotting- 
time The clotting-time obtained by any one of the different methods 
employed is influenced by the factors of enoi inherent to that method 
It IS impoitant, theiefoie, to be familial with the sources of eiror 
« inherent in the method used 

1 METHODS EMPLOYED FOR MEASDRIHG TEE CLOTTING-TIME OF 

THE BLOOD 

The metliods employed for measuiing the coagulation-time of the 
blood may be grouped according to the similaiity of the factors involved . 
In one group the blood is leceived in capillary tubes, in another on wue 
loops, the contour of the drop is obseived in several methods, the move- 
ment of the corpuscles when a curient of air is directed against the drop 
in others, and the first appearance of shieds of fibrin in the drop in still 
others Some methods requiie the chemical treatment of the drop 

I METHODS IN "WHICH THE BLOOD IS DRAWN INTO CAPILLARY TUBES 

1 Yxerordfs Method — ^Vierordt allowed the blood to flow into capil- 
lary tubes, 1 mm in diameter and 5 cm long, until a column 5 mm long ■ 
was obtained A white horsehair, about 10 cm long, was introduced 
into each tube and drawn out slowly from time to time It is not coloied 
so long as the blood remains fluid Coagulation begins when shieds of 
fibrin cling to the hair, and is completed when no more coagula are 
deposited on it 

£ Koffman and IndsTcy^s Modificahon of YieroidPs Method Koff- 
man and Lidsky made possible tests at a constant desired temperature 
A coiked glass tube is passed through the cork into a horizontally placed 
thermoflask, filled with water of the desired temperature, usually 15 C 
Extending into the glass tube through its cork, aie a theimometer 
and a metal rod, to which are clamped in line small capillary tubes 
through which a horse-hair passes 
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S Wnghfs Method — Wiight uses capillary tubes of equal length 
and caliber, the latter being about 0 35 mm The finger is pricked and at 
quaitei -minute or half-minute intervals a column of blood about 5 cm 
in length is aspirated into the tubes one at a time and drawn a little way 
up fiom the orifice Two minutes after it is filled, the investigator blows 
down the first tube If the blood cannot be dislodged, it is called 
“clotted’% otherwise it is designated “liquid” or “clotting,” as the case 
may be The other tubes are then examined similarly, the time from the 
appearance of the drop on the finger until it blocks the tube being 
regarded as the clottmg-time To keep the tubes at a constant temper- 
atuie of37C orl85C, they are, both before and after being filled with 
blood, placed with a thermometer in the pocJcets of a flannel bandage, 
which IS fitted tightly about a tin can containing water kept at the neees- 
saiy temperature, or they are immersed in a tumbler, or can, of water 
maintained at the desired tempeiature In the latter instance rubber 
caps are fitted over the ends of the tubes before they are filled with blood 
Either the finger is punctured but once, a ligature which has been placed 
about it being relaxed at frequent intervals, or a fresh prick is made for 
each tube 

Jf. Fox’s Modification of Wi'ighfs Method — Hingston Fox obtains 
the blood as does Wright, but applies a rubber nipple to the tube and 
expresses the blood into water, regarding coagulation to have occuried 
when the blood no longer diffuses in the water but remains as a definite 
woim-like clot, oi when the blood is expressed with difficulty He keeps 
the tubes at room temperature and reduces his observations to a standard 
temperature of 60 F 

5 McGowan’s Method — McGowan binds a rag tightly around a fin- 
gei, ten seconds later pucks it, and, applying a capillaiy tube 6 inches 
long with a uniform bore of 1 5 mm , in ten seconds fills it for 4 inches 
in a continuous flow The column of blood is then allowed to run down 
the tube and the end through which the blood entered is fused in a flame 
or is sealed with wax oi paraffin Care being taken not to hold the tube 
between the blood and the sealed end, the tube is laid doivn with a ther- 
mometer alongside, and at the end of each minute a file mark is made 
on the tube half an inch or less from the end of the column of blood that 
IS remote fiom the sealed end of the tube This piece of tube is then 
broken off, caie being taken m breaking it to keep the tuo ends of glass 
appioximated The two ends of glass are then drawn apart, and the first 
stage of coagulation visible to the naked eye is shovTi by a mmute shred 
of fibrm stietching between the tn^o broken ends I\Tien this is readied, 
the othei parts of the tube are similarly broken to confirm the first 
observation 
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6 Adchiy’6 Modification of' McGowan’s Method — Acldis places 
McGowan’s tubes m a glass cylindei which is placed m a metal cylmdei 
coveied with asbestos, the lid of which has thiee openings one foi the 
pait containing the capillaiy tubes, one for a biass tube containing a 
theimometei, and one foi a tube thiough ivhicli hot ivatei is intioduced 
so that both cylindei s shall be filled with W'atei maintained at a constant 
tempeiatuie of 20 C He does not legaid as indicating the end point of 
coagulation the fine filament of fibiin seen wdien the end of the tube is 
bioken olt, but legaids lathei the appeaiance of a thiead of Bbim only 
in the last inch of blood Addis takes the aveiage of three tubes 

7 Rudolf’s Modification of McGowan’s Method — To heat the tubes 
at a constant tempeiatuie Rudolf emplo}s a pint lacuuin bottle, leplacing 
its oidinaiy coik with a rubber one peifoiated in thiee places to accom- 
modate a theimometei and two biass tubes, 7 inches long and just laige 
enough m calibei to hold easily the glass blood tubes 

<5 Men Id’s Modification of McGowan’s Method — The boie of the 
capillaiy tube is imniateiial in Meiciei’s method, wdiieh otheiwise is the 
same as McGowan’s up to the point of filling the tube Then, instead of 
sealing the end of the tube, Meiciei bloirs the chop at once onto a glass 
suiface Sealing the end of the tube he uses the sealed end as a rod to 
dip fiom time to time in the diop of blood, noting as coagulation the 
veiy definite moment at wdiich the lod diaws fiom the diop a fine thread 
of fibrin 

P Sahiazes’ Method — Sabiazes in 1899 devised a method which he 
peifected five and seven yeais afteiw^ard His tubes, in winch coagulation 
IS detei mined m the same mannei as in McGowan’s method, are 5 cm 
long with an internal diametei of 1 mm Thiee such tubes aie filled 
with the second, thud and fouitli drops, lespectively, that exude on a 
puck, so that the column of blood occupies about the middle of the tube 
Sabrazes makes a file mark pievious to the commencement of the experi- 
ment and as soon as he fills the tubes, places them in close proximity to 
the fine bulb of a special thermometer in the uppei compartment of a 
glass box divided into two parts by a glass partition, the lower compait- 
ment containing hot water in wintei and ice in summer, so as to keep the 
temperature at 18 5 G 

10 Schultz’s Method — Schultz modifies the capillary tube by having 
one 4 inches long blown out into twelve or more regular expansions — tiny 
bulbs, or hollow beads — with shoit spaces between The tube is filled 
with blood and at definite intervals the beads are broken off, one at a 
time, and shaken in a measured quantity of physiological salt solution 
He designates as the end stage that point at which the bead remains filled 
with the clot and on shaking it only a very small quantity of red blood 
cells drops into the solution to color it 
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II METHODS IH WHICH THE CORPUSCLES ARE SET IH MOTION BY MEANS 
OP A CURRENT DIRECTED AGAINST A DROP OE BLOOD 

1 Brodie-Russell Method — ^The Brodie-Hussell mstimnent cousists 
of a small, deep, circulai aii-chambei, closed below by a glass plate, on 
which lies a layer of water, and roofed m above by a metal ring, m which 
IS fitted an inverted truncated glass cone The aii-ehambei is surrounded 
by a water-] acket, which has inflow and outflow tubes, so that the temper- 
ature of the air-chamber can be regulated The water-jacket is pieiced 
by a metal tube, to the inteiior of which is fitted a glass tube, drawn out 
to a fine orifice which is directed toward the lowei surface of the cone A 
rubber bulb is attached to the outer end of this tube 

The glass cone is removed and its lower surface is dipped carefully 
into a diop of blood so that the whole of the surface is exactly wetted 
by the blood The cone is then placed m position in the air-chambei, 
and by gently compressing the bulb a fine stieam of air is thrown on the 
edge of the drop of blood, setting the corpuscles in motion Coagulation 
has occurred when the movement ceases, as obseived undei the low power 
of the microscope 

2 Pi aU-Qiutznei Modification — Pratt and Grutznei omit the watei- 
jacket and the truncated glass cone They cement a metal ring, about 
0 875 mm in height and 1 5 cm in diameter, to an ordinary glass slide 
Through a hole in this ring is fastened a small metal tube (oi hj'podeimic 
needle), to the outer end of which is attached a rubber bulb A di op of 
blood IS picked up on a heavy cover-slip, which is placed, with the blood 
downward, on the ring, the upper rim of which having been previously 
coated with petrolatum 

3 Boggs' Modification — Boggs also omitted the water-jacket but 
improved the glass cone In his mstiument the metal collai is pieiced 
by d small hole, which allows an equalization of pressure in the chamber 
Avhen the air is blown m A few othei slight alteiations add to con- 
venience in handling 

^ Addis’ Modification — Addis substitutes foi intermittent jets of 
an at unknown and vaiiable temperature, a continuous stieam of oil at 
a known and constant temperature He uses Boggs’s an chamber, which 
he keeps full of mineral oil A stream of filtered oil from a re3er\oii is 
directed by the fine nozzle of the small tube tangentially against the edge 
of the diop The oil in its passage from the reservon passes in a flexible 
metal tube through a water-bath kept at a constant tempeiature b\ means 
of Schafer’s gas thermometer, or, where gas is not available, by Gibson’s 
electrical theimostat Immediately after it has passed through the nozzle 
into the chamber and against the drop of blood, it impinges on the bidb 
of a fine thermometer and the temperature of the oil immc-diatcl} sur- 
rounding the blood can be read off 
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III METHODS IN WHICH THE BLOOD IS PICKED UP IK A WIRE LOOP 

1. s Method — Biffins appaiatus consists of a glass jar with a per- 
foiated coik containing a theimometei, with the leading above the cork, 
and a glass lod oi tube into which is fused a platinum wire bent in such 
fashion as to have five loops of 3 to 4 ram diametei 1 cm apait These 
loops aie touched to the sinface of a diop of blood so that each takes up 
a film of blood The loops aic then placed m the glass jai which is filled 
to a ceitain point with watei at 20 to 25 C , the rod passing through the 
cork At stated inteivals the lod is pulled down so that one loop after 
another is intioduccd into the watei When coagulation is complete, the 
blood no longei diffuses into the watei, leaving the loop perfectly clean, 
but lemains unaffected as a solid red mass 

Goldlioni’s Modt/icalioii of Biffi’s Method — Goldhoin made the 
loops moie permanent by giving the wiie an extra twist so as to have the 
loop unalterably fixed on a little stalk He also made them laiger 

S Buchmaster’s Method — Buckmastei makes an elliptical iing, about 
6 to 9 mm in the long diaraetei and 4 inches in the shoit, of fine plat- 
inum, silver or non This loop is swept through a diop of blood without 
touching the skin The loop is given a shake to detach some blood, leav- 
ing a thin film of even thiclmess The loop is then placed in a small 
moist chamber, kept at a tempeiature of between 30 and 40 C , the shank 
of the loop being clamped in a holder so that it can be rotated Com- 
mencing m a lioiizontal position, it is rotated at mtervals into a veitical 
position and examined with a magnification of about ten diameters 
When the corpuscles in the film no longex fall under the influence of 
giavity, leaving a cleai space above, but the blood lemams of the same 
opacity throughout, coagulation has occurred 

rv METHODS IK WHICH THE BLOOD IS OBSERVED FOR THE APBEARAKOE 

OP FIBRIK 

1 Simple Method with Slide and Needle, oi Stiaw — One of the 
simplest procedures for testing the elotting-time, which is still exten- 
sively employed, is mentioned by Murphy and Gould A drop of blood is 
placed on a clean glass slide and its consistency is periodically tested by 
moving the drop with a needle When the blood becomes gelatinous and 
fibrin shreds are thus demonstrable, coagulation has taken place A sim- 
ilar method is described by da Costa Several individual drops of blood 
of the same size are collected on the surface of a slightly warmed glass 
slide At regular mtervals of about one minute, a straw of a whisk-broom 
IS lightly trailed through each drop in succession until sooner or later a 
delicate thread of fibrin may be observed clmging to the straw 

^ Schwab's Method —Schwab observed the appearance of fibrin 
threads in a hanging drop He takes a small drop of blood on a cover- 
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glass and. cjuickly places it face downward on a slide witli a concavily^ 
Tlie appearance of fibrin threads in the clear serum at the periphery of 
the drop, as viewed under the oil immersion lens, indicates the occurrence 
of coagulation 

S Bui Jeer's Method — Burker allows a drop of blood to fall into a 
drop of distilled water on a glass slide let into the lid of a box within 
which water is kept at a constant mean temperature of 18 C Fine rods 
of glass are passed through the mixture of blood and water every half 
minute until a thread or a mass of fibrin is picked up 

Jf. Biehes' Modification of BuiTcei's Method — Eiebes uses a large glass 
slide with SIX concavities, which he fills with pure olive oil One drop of 
blood IS allowed to fall in each concavity and every half minute a fine 
wire, usually one used for cleaning hypodermic needles, is passed through 
one of the drops from below upward to the middle, so carefully that the 
drop IS not subdivided Throughout the test the slide is kept at a temper* 
ature of 20 C Coagulation has occurred when a slight coagulum is raised 
over the level of the oil 

v METHOD EMPLOYING ACTIVATED SEBUM 

Morawiiz's Method — The method described by Morawitz and by Birn- 
baum and Osten is based on the theory that blood-serum, made very 
active by the addition of caustic soda, can cause clotting in a fibrinogen 
solution About 10 to 15 c c of blood are taken from a vein and kept 
cool in a beaker until the pressed-out serum settles The latter is 
removed, centrifugated, and eventually filtered To equal parts of this 
serum (5 c c ) the same amount of a decinormal solution of sodium 
hydrate is added and after a quarter of an hour’s action the lye is neutral- 
ized with decinormal sodium chlorid Two c c of a clear and opalescent 
solution of fibripogen, obtained from horse’s blood, are placed in a test- 
tube, and with a pipette several drops — 5 to 30 — of the activated serum 
are added The solution, at first fluid, giadually takes on an oily natiiie, 
and finally becomes gelatinized The end point of clotting is the moment 
when the fiuid surface begins to be uneven in the tilted test-tube 

VI METHOD EMPLOYING ANTICOAGULANT SUBSTANCE 

Chantemesse’s Method — Chantemesse mixes a minute volume of 
blood with the same volume of a solution of some salt pi eventing coagu- 
lation To suppress coagulation of normal blood vi vitro it is mixed uith 
an aqueous 1 to 800 solution of potassium oxalate AYhen the coagulating 
foiee IS greater, a strongei solution of oxalate is needed to oppose the 
foimation of a clot, when the force is weaker, a ueakei solution suihccs 
Several samples of blood are mixed with oxalate solutions of diaercnt 
strengths, 1-400, 1-600, 1-SOO, 1-1000, 1-1.200, 1-1500, 1-lSOO, fre nii-v- 
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tuie being leceived and piesorved in fine pipettes, like Wiigbt’s, and at 
the end of an lioiu a glance at the pipettes shows whether the coagula- 
bility IS equal to, oi gieatei, oi less than noimal 

VII ilETIIOD WHICH IMEASUUES THE AIECIIAlHCAL RESISTANCE OF 

COAGULATING BLOOD 

Koff man’s Coagulo-Viscosimeter. — Koffman devised an intricate appa- 
ratus in which the blood is icceived in a nickel vessel with an internal 
diameter of 1 cm which is lotated m a water-bath by means of a cloek- 
motoi so that it makes twelve to fifteen turns jier minute, pi ejecting 
down into the middle of the vessel is a small silver blade fastened to a 
shaft, the uppei end of which is connected nith a pointei on a dial with 
100 divisions One end of a fine mainspiing is attached to this shaft, 
the othei end being fixed This prevents the free lotation of the blade 
with the blood m the vessel and peimits only a ceitam amount of turning 
The amount of turning foi the time being is pioportional to the degree 
of coagulation of the blood examined and is easily lead on the dial A 
euive IS made, the height lepresentmg the degree of turning and the base 
the number of minutes fiom the moment of punctuie 

VIII METHODS DEPENDING ON CHANGES IN THE CONTOUR OP THE BLOOD 

1 Ilaijem’s Method — In Ilayem^s method, as described more fully 
by Bezangon and Labbe, a flat-bottomed glass test-tube, about 5 cm high, 
with an mteiioi diametei of 1 mm , is filled to a height of 3 to 4 cm 
niih blood as it flows from the wound The tube is tilted at intervals, 
coagulation being completed when the blood becomes so solid that the 
level no longei changes with each movement of the tube 

2 Mihan's Method — ^In Milian’s method a rathei laige drop of blood 
IS allowed to fall on a glass slide, which at intervals is caiefully tipped 
veitically Coagulation has occuiied vhen the diop, instead of becoming 
tear-shaped on tilting the slide, does not change its shape, but lemains 
convex in outline 

3 Bezangon and Labie’s Modification of Milian’s Method — ^Bezancon 
and Labbe let three drops of blood fall on three slides which they place 
under a bell-jar and examine from time to time by tilting 

^ Hmman and Bladen’s Modification of Milian’s Method — Hinman 
and Sladen pick up a senes of drops by touching a slide to the drops and, 
placing the slide on a millimeter rule, wipe off all drops whose diameters 
are less than 4 mm or greater than 5 mm On tilting the slide, they 
observe not only the contour of the drop but also the changes in density 
when held to transmitted light, the dense portion being in the centei 
when coagulation has occurred and at the lower edge when the drop is 
still fluid 
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5 Schwarz and OUenbeig’s Modification of Milian’s Method — 
Schwarz and Ottenberg take a drop of bloody 5 mm m diameter, from a 
prick in the finger^ on a cover-slip, which they invert on a hollow ground 
slide and ring with liquid petrolatum to prevent evaporation and exclude 
air currents They determine the moment of coagulation by the failuie 
of the drop to sag when the slide is tilted In a personal communication 
a couple of years ago Dr W M L Coplin described to me a similar 
method he has used 

6 Duhe’s Modification of Milian’s Method — ^Duke’s appaiatus con- 
sists of a glass slide on which are mounted two 5 mm disks On one 
disk IS placed a drop of the blood to be tested and on the other a drop of 
normal blood, the two drops being of about the same depth The slide 
IS then inverted over a tumbler nearly full of water kept at 40 C and is 
covered with a warm damp cloth When tested by tilting the cloth is 
removed and the slide taken up from the tumbler 

7 Author^s Modification of Milian’s Method — Instead of a slide I 
use the lid of a German stendei-dish, which I cover with the dish as 
soon as the drops are obtained I measure the drops while covered and 
regard only the drops of proper size Before the finger is punctuied, 
and immediately after the drops are measured, the dish is placed in a pan 
of water, which is maintained at a constant temperatuie of 37 C As the 
ma^oiity of my tests mentioned in this paper Aieie made with this method 
I shall describe it in detail 

My coagulometer consists of a German stender-dish, 80 mm in diam- 
eter and 40 mm high, a pan big enough to hold the dish and fitted with 
an outlet tube and a bracket for supporting a thermometer, an ordinary 
bath-theimometei, a broad elastic baud, a piece of rubber tubing, a clamp 
and a millimeter rule I use an oval zinc pan, with peipendicular sides 
As zinc IS not acted on by water, it is prefeired to tin, which rusts, and 
to copper, which turns gieen (An ordinary five-cent tin baking-pan will 
answer, however, with an outlet and a bracket which a tinsmith will put 
in for ten cents ) The rubber tubing is attached to the outlet tube and 
clamped 

In employing this method, the undei surface of the lid of the stender- 
dish IS thoroughly cleansed with soap and water and then ivith alcohol, 
and dried The rim of the dish is smeaied uith hydrated uool fat (lano- 
lin) or petiolatum The lid is then adjusted and held in place by the 
rubber band The pan, with the thermometer in place, is partiall} filled 
with water of a temperatuie of 37 C (98 F ), that temperature b.-ing 
maintained by the addition of hot or cold watei An} excess of uattr 3-> 
allowed to escape through the outlet The dish is placed in the pan of 
water with the lid undermost 
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The patient’s finger is thoroughly cleansed with soap and water and 
with alcohol^ and diied The stender-dish is taken from the water and 
rapidly diied, and the elastic band is lemoved A deep puncture* with a 
sharp, lance-pointed instiument is made in the fingei so that the blood 
flows fieel)'^ without undue piessuie The fiist drop is wiped off and note 
IS made of the exact time the second drop appears When this drop 
reaches sufficient size it is touched to the uppeimost suiface of the 
inverted lid of the stendei-dish, which is held horizontally, and deposited 
on it The fingei is again wiped off and sevei al othei drops aie deposited 
similaily, the time of the appeaiance of each being noted I usually take 
four diops, placing one in each quadiant, and maik the top of the lid 
with a pen or paraffin pencil The dish is then placed on the lid and the 
diametei of the drops measured by passing the rule beneath the lid It 
IS best to disregard all drops whose diameters measure less than 5 mm 
or more than 8 mm The rubber band is leapplied and the inverted dish 
is agam placed m the watei-bath 

At intervals the dish is removed Irom the water and tilted At first 
this must be done cautiously to avoid the drops running, later the dish 
can be held veitically The contoui of the drop is observed horn the side 
and the density is observed on full view If, when seen fiom the side, 
the drop sags, becoming tear- oi pear-shaped, oi if, on holdmg the dish 
to transmitted light and looking at the face of the drop, it appears dense 
below and clearer above, complete coagulation has not occurred But 
when the profile of the drop does not change when the dish is tipped 
vertically, but remains convex, and when the full view shows the density 
m the center or evenly distiibuted, the blood has fully clotted To con- 
firm this, the clot should be picked up oi moved hlote is taken of the 
time at which this change occurs m each diop The inteival between 
the moment the drop appears on the fingei and the moment it is com- 
pletely coagulated is taken as the clotting time 

Twenty normal persons examined according to this method gave an 
average clotting-time of eight and two-thirds minutes with limits of 
twelve and one-quaiter and four minutes 

2 CLOTTING-TIMES ACCORDING TO TEE DIFFERENT METHODS 

The length of time it takes a drop of blood to coagulate varies with 
the method employed for measuring it In referring to a clotting-time, 
therefore, it is necessary to mention by what method it was obtained 
The multiplicity of coagulometers, and hence of coagulation times, ren- 
ders difficult any exact comparisons of results obtained by different^ 
observers 
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I THE NOKMAL CLOTTIHGr-TIMES ACCORDING TO THE DIFFERENT HETHODS 

In the following table are given the normal elotting-times obtained 
with the different methods by their originators It will be seen tliat the 
greatest variations occur There is practically no such thing as an abso- 
lutely normal clottmg-time In the same patient at tlie same time two 
minutes and twenty minutes may be the normal clotting-time, depending 
on the method employed 


Table 1 — ^Nobmal Clotting-Times Obtained with Dlfeeeent Methods 


Method Employed 
Vierordt’s 
Wright’s 
McGowan’s 

Addis’ modification of McGowan’s 
Kudolf’s modification of McGowan’s 
Sabrazgs’ 

Schultz’s 

Brodie-Russell 

Pratt-Grutzner modification of Brodie-Eussell 
Bogg’s modification of Brodie-Kussell 
Addis’ modification of Brodie-Russell 
Biffi’s 

Goldhorn’s modification of Biffi’s 

Buckmaster’s 

Slide and Straw 

Schwab’s 

Burker’s 

Riebe’s modification of Burker’s 

Morawitz’s 

Hayem’s 

Milian’s 

Bezancon & Labbfi’s modification of Milian’s 
Hinman & Sladen’s modification of Milian’s 
Duke’s modification of Milian’s 
Author’s modification of Milian’s 


Clotting Time Obtained 

QYs minutes 
2% or 5 minutes 
8 minutes 
914 minutes 
8% minutes 
9 to 10 minutes 
5 minutes 
3 to 8 minutes 
3 to 8 minutes 
3 to 8 minutes 
8 minutes 
7 to 10 minutes 
about twice as long as above 
5% minutes 
2 V 2 to 5 minutes 
4% to Syy minutes 
6 to 7 minutes 
12 to 14 minutes 
5 minutes 
3 to 20 minutes 
15 to 34 minutes 
10 minutes 
5 to 8 minutes 
5 to 7 minutes 
8% minutes 


II DEVICES FOR COMPARING PATHOLOGICAL CLOTTING-TIMES OBTAINED BY 

DIFFERENT SIETHODS 

Owing to the ivide variations m the normal clotting-times obtained 
with the different instruments, it is practically impossible to compare 
pathological recoids This lack of nniformity is most unfortunate, as 
it prevents investigators from confirming each other’s work In ordei 
to overcome this difficulty I have devised two methods of comparing 
records taken with different instruments With each appaiatus one 
definite time must be taken as the normal Where two figures are gu en, 
the mean should be taken 

1 E'lpiessing the Pathological Clotting-Time iii Terms of the Xor- 
jjial —The clotting-time in a given disease may be expressed in terms of 
the normal by means of a fraction whose denommator is tlie normal time 
and whose numerator is the abnormal tune, or this same fraction ma^ be 
expressed as a decimal or as a percentage Thus, if the normal clotting- 
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time obtained with one instiument is eight minutes and in a ceitain 
disease the clotting-time is six minutes, this latter may be expressed as 
6-8, or 0 75, 01 75 pei cent of the normal 

2 Reducing the Cloiimg-Ttme Obtained uith One Method to the 
Teims of Another Method — ^Another method of comparing recoids taken 
with different instruments is to i educe one to the teims of the other by 
means of piopoition, i e, the noimal time of method A is to the normal 
tune of method B, as the clotting-time in a ceitain disease taken with 
method A is to X, which is the abnoimal time obtained by the A method 
expiessed in teims of the B method Thus, the abnoimal time, six min- 
utes, just refeiied to, would be expiessed m terms of a method that gives 
the normal clotting-time as foui minutes, by means of the folloiving pro- 
poition 

Eight mm (normal lime of first method) 4 mm (normal time of second 
method) G nun (pathol tune according to first method) X=3 minutes 
(pathol time expressed m terms of second method) 

3 FACTORS AFFECTING TEE CLOTTING-TIME OF SHED BLOOD 

The gieat variations in the clotting-time found by different observeis, 

and even by the same observer, are doubtless due to factors of two kmds 
intrinsic factors affecting the blood itself while still in the vessels, and 
extiinsic factors, affecting the blood after it has left the vessels ^ 

Of the factois affecting the clotting-time of shed blood, some doubtless 
have to do with the manner in which the blood is drawn, while others 
are connected with the method employed for measuring the clottmg- 
time 

I SOURCES OE ERROR THE HETHOD EMPLOYED FOR MEASURING THE 

CLOTTING-TIME 

The methods employed for measuring the clotting-time often them- 
selves contain many sources of error Some coagulometeis aie devised 
particularly to avoid certain of these factors. Undoubtedly there are 
causes of error that now are not even recognized 

1 Contact With Foreign Body — Contact of the blood with anything 
except the intact endothelial lining of the vessel, oil, petrolatum or paraf- 
fin, shortens the clotting-time, the degiee depending on the character and 
the size of the contact surface Blood which Breund found to remain 
liquid when received in a greased vessel clotted when an ungreased glass 
rod was brought in contact with it A portion of this blood, however, 
clotted in a few minutes when placed in an ungreased dish 

1 The writer in September, 1908, presented a paper before the Medical Society 
of the State of Pennsylvania in which a number of these factors am desen 
Solis-Cohen, Myer Factors Influencing the Coagulation Time of the Blood, Penn 
State Med Jour , 1909, xii, 953 
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Addis made several tests showing the coagulation time to be seventy 
to eighty minutes when the blood was not m contact with a foreign body, 
twenty to twenty-six minutes when in contact with glass alone, ten to 
sixteen minutes when air was the only foreign body, and five minutes 
when the blood was exposed to both glass and air 

It IS generally believed that uneven surfaces accelerate coagulation 
more than a surface of unifoim character, such as smooth glass, and that 
with the latter contact surface, the greater its extent, the more rapidly 
coagulation occurs That other factors may enter here is seen from the 
experiments of Bouchard, who demonstrated that when blood is received 
in a capillary tube, the portion of blood that enteis the tube last coagu- 
lates more quickly than normal, while that portion that enters fiist clots 
more slowly than normal, this retardation being the greater, the longer 
the column of blood and consequently the greater the contact suiface 
It seems to him as if, in flowing through the tube, the blood diverts itself 
of that which normally piovokes coagulation, and as if that something 
accumulates in the first portion of the tube 

Whatever the amount of error due to contact with foreign bodies, 
it should always be constant in a given coagulometer In each observation 
the blood should be in contact with exactly the same amount and kind of 
foreign body 

Capillary tubes offer the laigest extent of contact surface Vieroidt’s, 
Fox^s and Koffmann’s methods intioduce second contact sui faces, a 
horse’s hair in the first, water in the second, and the silvei blade in 
the third There are thiee foieign bodies in Mercier’s method — the tube, 
the glass surface, and the lod, and two in Burker’s method — the iiatei 
and the glass rod McGowan breaks off the end of the tube containing 
the blood which entered first and consequently clots last, and then goes 
towaid the portion which enteied last and clots first Sabra^ies lessens 
this source of eiior by using a short tube, while Addis avoids it altogether 
by regarding only the last inch of blood 

In Hayem’s method the extent of contact surface is large and, besides, 
many drops fall on the sides of the test-tube The needle, or straw, and 
slide introduce two foreign bodies into the method employing them 
Wire loops present an uneven suiface, Goldhorn notes that in Bifiis 
instrument the blood goes by capillaiity to the point where the tuo wirea 
cross The contact surface is smallest in the Brodie-Bucsell method and 
its modifications, in Milian’s method and its modifications, and in 
Schwab’s hanging drop 

3 Dirt— The clotting-time is affected by the presence of dirt, no 
matter how minute, on the contact sui faces and on the finger Absolute 
cleanliness of skin and instruments is essential 
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Capillaiy tubes, especially if beaded, and wire loops are not so easily 
cleansed as aie glass slides, the lid of a stender-dish, and the smooth 
sill face of a glass cone 

S Size and Shape of Dtop — ^Haitman, Bezangon and Labbe, and 
Hininan and Sladen believe that the size of the diop has some mfluence 
on the elotling-time, but Buikei thinks not. Addis states that if the 
inaigm of the diop does not come absolutely up to the edge of the surface 
of the cone of the Biodie-Eussell mstiument, the stieam of oil will not 
aSect it in quite the same way, again, that the drop is then not always 
ciiculai m outline, and the flow of coipuscles is liable thereby to be 
slightly obstiueted 

In my method I found that the size of the diameter of the drop 
affects the coagulation time veiy little, provided it is not less than 4 mm 
01 gieatei than 7 mm Often the clottmg-time was the same in drops 
whose diametei measmed 4 mm at one extieme and 8 or 9 Tom at the 
othei, obtained fiom the same punetuie and examined at the same time 

The diameter of the diop is uniform in size m Hmman and Sladen^s, 
Schwaiz and Ottenberg’s, Duke’s, and my modifications of Milian’s 
method 

It must be borne in mind, howevei, that the diametei of a drop is not 
always an accuiate index to the amount of blood contained m the drop 
The height must also be taken into account 

In thiity-five cases (of tubeiculosis) wheie the diops were high, the 
aveiage coagulation-time was five and three-quarter minutes In fifteen 
tests with shallow diops the aveiage time was only four minutes Accord- 
ing to Duke, also, a very shallow drop clots one to two mmutes sooner 
than a veiy deep one 

Theie seems to be some relation between the size of the drop and the 
i iscosity of the blood This may be due to the fact that the viscid drops 
aie always high, while, on the other hand, when the viscosity is low, the 
diop tends to spread and theieby becomes shallow On this account my 
drops of laige diametei weie usually veiy shallow The longei clotting- 
time of high diops may, howevei, also be explained by then increased 
viscosity 

I always endeavored to obtain high diops 

The difference that others have noticed in the clotting-time of drops 
of different sizes may be in part a result of the quicker evaporation of 
the smaller drops, while the fact that drying is less likely to occur when 
the drops aie piotected by the stendei-dish, may account for my results 

Another factoi, related to the height of the drop, demonstrates the 
importance of viewing the drop from the front as well as fiom the side, 
when examining drops according to Milian’s method or one of its modi- 
fications A high drop ceases to change its shape when tilted and 
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obseived from the side before the density ceases to change when the 
tilted drop is looked at in front The reverse is true of shallow drops 

If- Amount of Blood WitJidiawn — ^As will be shown later, there is 
a tendency for the coagulation-time of the blood to dimmish durmg and 
after a hemoirhage It is impoitant therefore not to withdraw enough 
blood to produce this reaction The methods that use but a few drops 
of blood seem to me prefeiable Hayem’s method of filling a test-tube 
with blood IS therefore not a fair test This progressive diminution of 
the clottmg-time is fairly rapid In one of Addis’ cases, the fimt blood 
from the wound clotted in seven and one-quarter minutes, that obtained 
after one minute in five and one-quarter minutes, and blood flowing after 
two minutes in three and three-quarter minutes The blood introduced 
in the last of a senes of capillaiy tubes would therefoie coagulate more 
quickly than the blood in the first tubes Even in a small capillaiy 
hemorrhage of a few diops there seems to be a slight diffeience in the 
coagulability of the different drops In mj’’ tests with my method each 
drop clotted about one-eighth or one-quarter of a minute quickei than 
the diop immediately preceding This of couise may have been more 
apparent than real It merely means that the moment coagulation was 
noted as being complete all the four drops were usually well clotted, 
although they had been obtained one-eighth or one-quarter of a minute 
apart It is no doubt possible that in some instances the exact moment 
in which clotting occuiied in each drop was not immediately noted, as 
the drops weie observed only at intervals In many cases, however, the 
drops were examined at the very instant coagulation was taking place 

5 Mechanical Disturbance of the Blood — It is piobable that coagu- 
lation is hastened by any disturbance of the blood, such as pulling a 
horsehaii thiough it, as in Vierordt’s method, or trailing a needle, wire, 
glass rod, or straw, thiough it, as in several methods, oi tilting the drop, 
as in Hayem’s, Buclanaster’s, and Mihan’s method and its modification^, 
or setting it in motion by a curient of air or oil, as in the Biodie-Eus=ell 
instrument and its modifications, or in whiilmg it against a blade, as in 
Koffmann’s coagulo-viscosimeter 

6 Evapoiation — ^]\Iilian has shown that evaporation, by diminishing 
the quantity of water in the blood, accelerates coagulation Hence cur- 
rents of air interfere with the test 

In the fiist tests I made with the uncovered slide, according to 
Milian’s method, the evaporation of the blood ^\as quite marked. In the 
tune coagulation was complete, the diops weie dried about the edge lor 
a third of their diameters lecent cornpaiatne tests made umulta- 

neously witli coveied and uncoieied diops of blood from the =ame pen-on 
^ould seem to indicate some relationship between evaporation and t' c 
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humidity of the air In blood exposed to the an, coagulation was seven- 
eighths of a minute longei when the humidity was 75 or above than when 
it was below 75 

In Milian’s method, as well as in Hinman and Sladen’s modification 
of it and in the methods m which one drop oi several diops of blood are 
collected on a slide and tested with a needle, wiie, or straw, the blood is 
exposed to the an and consequently to evapoiation Those methods 
theiefoie can be used only in a closed room In Bezangon and Labbe’s 
and Duke’s modifications of Milian’s method the slide is exposed to the 
air whenevei it is examined The thin film used by Buckmaster and 
Biffi suiely must have a tendency to evapoiate An is definitely blown 
on the diop of blood in the Biodie-Eussell appaiatus and in the Fiatt- 
Grutznei and Boggs modifications of it, the foice and fiequency of this 
distuibing featuie natuially vaiying with the operator The blood is 
protected fiom diafts in Schwaiz and Ottenberg’s and my modifications 
of Milian’s method and in the methods emplo}tog capillary tubes, which 
therefore can be used in a ventilated waid, oi m the open an in the case 
of consumptive or pneumonia patients 

7 The Temper atiue — Pratt, Murphy and Gould, McGowan, and 
Hinman and Sladen aie of the opinion that coagulation is not appre- 
ciably affected by modeiate vaiiations in the temperatuie, but piesent no 
expenmental pi oof of this assumption Mihan, Buikei, Bezangon and 
Labbe, Goldhorn, Denk and Heilman, Weil, and Jacquot, on the othei 
hand, asseit that heat acceleiates coagulation, while cold letaids it This 
action has definitely been shown experimentally to be a fact by Addis, 
Brodie and Bussell, Pox, Haitman, Eudolf, Wiight and myself 

Wright found the clotting-time to be two to four minutes when his 
tubes were kept at 18 5 C , and one minute and thirty-five seconds to tivo 
minutes and ten seconds when the watei legistered 37 C Brodie and 
Bussell obtained a clotting-time of eight and eight and a quartei minutes 
when the watei in the instiument ivas 20 C , and three to four minutes 
with a temperatuie of 30 C Eudolf’s figuies show that, roughly 
speaking, each degiee between 15 and 20 C of the tempeiature at which 
the test IS carried out makes a diffeience of about one minute in the 
coagulation-time 

Addis constructed a chait showing a regular decrease in the clotting- 
time from two and one-half minutes at 10 25 C to five and one-half 
minutes at 20 5 C This wiiter regards as practically woithless methods 
where no attention is paid to differences of tempeiature He believes 
the extraordinary variations in coagulation-times obtained by use of 
these methods to be to a great extent due to variations of the tempeiatuie 

My own experiments also demonstrate that temperature does exert an 
influence Pive compaiative tests were made at the same time with blood 
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fiom the same persons, kept both at 37 C and at 18 5 C The aveiage 
elotting-time in four of these cases was six and three-quaiter minutes at 
the highei tempeiature and eight and one-quaiter minutes at the lower. 
The fifth case gave a clotting-time of eight and one-quaiter minutes at 
37 C and of twenty and three-quarter minutes at 18 5 C , the lattei prob- 
ably being a lesult of the condensation of moisture on the inside of the 
dish 

A series of observations was also made on blood fiom the same peisons 
tested both with the author’s method at a temperature of 98 F and on an 
uncovered glass slide at room temperatuie Five subjects weie tested 
when the room temperature was 75 F and above, and twelve subjects 
were tested when the loom temperature was below 75 F , with the results 
shown in Table 2 


Table 2 — Influence of Temperature on the Clotting-Time 


Blood from the Same Persons Tested Simultaneously 




According to 



Writer’s 

Milian’s 

Writer’s 

Milian’s 


Method 

Method 

Method 

Method 


at 98° F 

at 75° F 

at 98° F 

at a Temp. 



and above 


Below 





75° F 

Number of cases 

5 

5 

12 

12 

Aver Clotting Time 

9%' 

9%' 


10%' 

Max Clotting Time 

loVT 

llTs' 

12%' 

14%' 

Min Clotting Time 

8%' 

6%' 

3%' 

3' 


Blood kept at 98 F theiefoie took five-eighths of a minute longei to 
clot than blood exposed to a room temperatuie of 75 F oi moie, but one 
and thiee- tenths minutes less than blood exposed to a room temperatuie 
below 75 F 

On hot days, in order to keep the watei in the pan at dS 5 C , ice- 
watei had to be added continually In sucli cases there was alwajs a 
little moisture condensed on the top oi sides of the dish, and on very liot 
days so great a condensation appeared on the lid that it constituted an 
additional element of error When, for instance, the room temperature 
was 90 F, drops on an uncovered slide clotted in less than eight niinutca, 
and those in a stender-dish kept at 37 C (98 F ) coagulated in eight and 
one-quaiter minutes, but it was twenty and three-quarter minutes before 
clotting occurred in the drops that weie tested in a stender-di'-h at a 
temperature of IS 5 C (66 F ) 

Theie is no doubt that the adhesion of the blood to the gla'=s contact 
surface is affected b) temperatuie Whene\er the glass is not heated to- 
98 there is a great tendency for the drop to run when tilted 'ilie blood 
adheres much better when the glass surface is kept at the hightr i<.mj;-ri- 
ture 
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A drop tends to spread when deposited on a cool glass surface, and, 
being shallow, clots more quickly than a similar drop deposited on a 
waim suiface, wheie it leraains high ^ 

Coagulometeis that seem to keep the blood at a constant temperature 
vary in the thoroughness with which they accomplish this Denk and 
Heilman point out an eiior in the gauge of the capillaiy tubes, statmg 
that the thickness of the glass affects the lapidity of warming and empha- 
sizing the need of veiy thin tubes Accoiding to this, Wiight’s home- 
made tubes aie more accuiate than those supplied by the instrument- 
maker. The stendei-dish I use is of lather thick glass 

In Sabia'/es^ method, in Addis’ modification of McGowan’s method, 
and in my own method the tube or dish containing the blood is removed 
fiom the uater to be tested, during which time its tempeiature tends to 
approximate the loom terapeiatuie Addis has lecently stated that fui- 
thei expel lence with his modification of McGowan’s method has shown 
that the results cannot be relied on if the room tempeiatuie is above 30 C 
(GS P ). Coagulation- times taken on hot summei days when the tempei- 
atuie in the ward was above 20 C weie found to be shorter than noimal, 
although the tempeiature within the apparatus was kept at 30 C The 
higher tempeiatuie outside, accoiding to Addis, must theiefoie have 
accelerated the coagulation, although it had an oppoitumty to act only 
during the relatively short time during which the tubes were lemoved 
fiom the apparatus for examination A laige part of the diffeience m 
the coagulation times of people in health, he thinks, was no doubt due to 
this cause 

Addis found it impossible to maintam a constant tempeiature in 
Brodie-Russell’s, Biukei’s, and Buclonaster’s mstruments Theie seems 
to be little doubt that Addis’ modification of the Brodie-Russell instru- 
ment and Wright’s coagulometer maintain an uninteiiupted constant 
temperature 

8 Dilution of the Di op — ^Barker states that the dilution of drops of 
blood had no influence on the coagulation-time Stodel, however, demon- 
strated that blood diluted with a solution of sodium chlond 9 to 1,000 
coagulated more slowly than pure blood, and also that the greater the 
dilution the more slowly coagulation occurred 

9 Dnd-Pomt Adopted — The end-point adopted in the different meth- 
ods as indicating that coagulation has occurred is not always accurate, 
deal and definite The methods employing capillary tubes, as well as 
those in which the blood is watched for the appearance of fibrin threads, 
have practically the same end-points According to the investigations of 
Addis, Buckmaster, Pox, and others, this is not sure proof that coagula- 
tion has occurred in the whole drop, as a thread of fibrin several milli- 
meters long can often be demon'?trated ten seconds aftei the blood has 
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been diawn, when the blood is touched with a needle oi with a glass sur- 
face In such a case there are no other signs of coagulation and the 
same drop may give a coagulation time of seven or eight minutes. The 
conditions under which this phenomenon occurs are piesent when the 
blood IS blown out of one of Wrighfs tubes and the tube is slowly with- 
drawn from the diop, and are always present in Meicier’s method 

Those methods having as an end-point a loss in fluidity, as Hayem’s, 
Brodie and Russell’s and its modifications, Miliau’s and its modifications, 
and Buclonaster’s, are subject to a source of error in that the change 
in the physical chaiacter of the blood may be due to agglutmation of the 
corpuscles 

In Brodie and Russell’s method and its modifications the end-point 
IS not always the same in the hands of different observers Addis men- 
tions three possible stages, sixty and fifty seconds apait, which might 
be adopted as indicating coagulation Hinman and Sladen divide into 
four stages the changes in the movement of the red corpuscles set up by 
the blowing They believe that Pratt and Murphy and Gould adopted as 
an end-point the stage they label C, while Brodie and Russell used stage 
D, the stage Hinman and Sladen finally used themselves 

10 Personal Equation — I regaid the personal equation as a very 
important factor To it I attribute largely the fairly constant results 
obtained by each investigator with the instrument he has devised or is 
accustomed to, when others obtain discordant results with the same 
method Whatevei the factors of error, they usually remain about the 
same when the test is always performed in exactly the same manner 
Familiarity with a method and facility in its employment even lessen the 
effects of sources of error connected with it In Milian’s method and its 
modifications, for instance, that man will disturb the drop least who 
needs to tilt the drop least often and who can observe its shape most 
quickly As already mentioned, the determination of the end-pomt in 
several of the methods, paiticularly Brodie and Russell’s, is often a 
matter of personal equation In the latter method the force and fre- 
quency with which the bulb is compressed, affecting two factors — the 
draft of ail and the mechanical distuibance of the drop, depend on the 
mdividual compressing it The manner of obtaining the diop of blood 
and the rapidity with which it is transferred to the apparatus undoubt- 
edly varies with different workers 

Complicated methods, and those requiring technical skill, experience, 
and powers of observation of a high order, are most likely to be affected 
by the personal equation A coagulometer, to be reliable, must gi\e the 
same kind of results in eYer}'one’s hands 

11 Unrecognized Causes of Error — There are man} sources of error 
not recognized at present These probably explain the curious rt^ulto 
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that aie sometimes encountered The coagulometeis that alwajs give con- 
stant results undei the same circumstances aie probably freest fiom the 
uniecognized factors of error 

With my method results aie faiily constant Pour drops taken in 
succession fiom the same puncture usually coagulate in about the same 
peiiods of time The results obtained from two different punctures, 
made fifteen to thirty minutes apait, are as a rule fairly constant This 
probably means that uniecognized sources of eiior have been i educed to 
a minimum 

Hayem’s method gave unsatisfactory and discoidant results in his 
own hands, tlie time vaiying gieatly in one and the same animal 

My own lesults with Wiight’s tubes weie unsatisfactoiy It was often 
my experience that the blood in eight tubes filled fiom the same puncture 
did not coagulate in equal peiiods of time Wright’s method proved 
unsatisfactoiy in Brodie and Eussell’s liands, successive observations 
taken at inteivals of five to ten minutes not giving concordant results 
In the hands of Murphy and Gould it failed to give results m 15 pei cent 
of the obseivations In a certam numbei of cases the blood would not 
adhere to the lumen of the tube, a fact they were unable to explain They 
found m blood from healthy subjects vaiiations between one and seven 
minutes, which extremes they attribute to technical eirois Turner, using 
Wiight’s tubes, often found a difference of over two minutes in the blood 
from three successive pucks in the same individual on diffeient fingers/ 
on only thiee occasions in over 1,000 observations did he find the same 
coagulation rate in the blood flora three conseeutive pricks In nearly 
50 per cent of the forty-three estimations made by Addis ivith Wright’s 
tubes, only an appioximate time could be arrived at, because coagulation 
oceuired in one tube although it was not piesent in others until later 

The Biodie-EusseU instrument failed in less than 5 pei cent of the 
obseivations in Murphy and Gould’s hands, but it gave variations in 
blood from healthy subjects between one and seven minutes Pratt noted 
extiaordinaiy variations in the coagulation-time taken with his modifi- 
cation of this instrument, the time in one case varying fiom two to nine 
and one-half minutes within half an houi Addis in over 300 estimations 
with Pratt’s or Bogg’s modification of the Brodie-Eussell coagulometer, 
found that with its use the time varied considerably in consecutive obser- 
vations on the same person, a time of four minutes being followed by one 
of twelve minutes, and so on, without any regularity 

Bezangon and Labbe found inexphcable variations in their modifica- 
tion of Milian’s method, sometimes the first drop, sometimes the last drop 
coagulating most quickly Hinman and Sladen found their modification 
of Milian’s method to be thoroughly reliable In my hands also it has 
o'lven satisfactory results 
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II COMPARISON OP THE DIFFERENT COAGULOjMETERS 
The methods of measurmg the coagulation time that aie fieest fiom 
sources of error are Addis" modification of Brodie and Kusseirs method 
and my modification of Milian’s method The former is probably the 
most accurate of all, but is too intricate and cumbeisome for general 
application, bemg fitted chiefly for laboratory use 

My coagulometei seems to me to combine simplicity with accuracy 
It can be made and used by any physician and is easily earned about 
At the same time it presents a contact surface limited in extent, clean, 
and uniform in chaiactei, maintains a faiil} definite and constant tem- 



Author’s Coagulometer , A, ordinary bath thermometer, B, zinc pan (common 
tin pan will ansner) , C, German stender-dish, D, lid of German stender di'^h, 
E, rubber tube, F, clamp 

perature, prevents evaporation, piondes for drops of uniform sue, largely 
eliminates the peisonal equation, and presents fairly constant results 
While less accuiate than the above, Milian's method is the simplest of 
all, requiring merely a plain glass slide It is alwa}s a\ailable and a-, a 
rough test is to be recommended 

HI FACTORS DEPENDING ON THE MANNER THE BLOOD IS DIUV. N 
There are some conditions alfecting the coagulation of ?]'cd blood 
which are not produced b} the instruments used but have to do v. ith the 
mannei in which the blood is drawn 
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1 The Pai t Punctm ed — Jlurphy and Gould found no maiked differ 
ence between the coagulation times oi blood diops taken from different 
points on the suifaco of the body, piovided the flow had been equally 
fiee It was Piatt’s cxpeiience also that theie were no ehaiacteiistic 
differences in the coagulation time dependent on the pait examined, 
although he lemaiks that blood fiom different paits of the same indi- 
vidual, examined at the same time, showed striking differences in the 
coagulation time Ilayem, on the other hand, using his own method in 
simultaneous observations, obtained clotting-times of nine minutes in 
blood from the eai and two minutes in blood from the thigh 

2 Contact with the Tissues — That contact with the tissues shortens 
the clotting-time has been noted by many obseiveis, some of whom vari- 
ously attribute this influence specifically to the wound, the blood, l}miph, 
and the skin 

It is the coagulant action of the tissues which, according to Delezenne, 
causes immediate clottmg of blood at the surface of the wound Span- 
gaio also has shown that blood taken diiectly from a vessel takes a much 
longer time to clot than when it fiist comes in contact with the tissues 
Coagulation was equally hastened when a small portion of muscle or 
glandular tissue was intioduced into the tube where the blood was 
received directly from the vessel or when the sides of the tube were 
merely rubbed with the tissues 

A Influence of the Wound Delezenne showed that bud’s blood clots 
m half a minute to two minutes when allowed to come m contact with the 
wound, but remains unclotted for two to eight days when drawn directly 
fiom the vessel through a glass tube 

Arthus showed in dogs that the coagulation of blood flowing on the 
wound was always moie rapid than that of blood received m a tube — 
forty seconds, for example, instead of thiee minutes By allowing a 1 to 
100 sodium chlorid solution to fall diop by drop on the surface of an 
exsanguinated cutaneous wound he obtained a saline lavage water capable 
of hastening coagulation of the blood Making the lavage water flow 
over the wound several times in succession increased its eoagulatmg 
power 

Milian and Addis believe that fibrin ferment quickly forms and col- 
lects around the lips of the wound, and tends to shorten the eoagulation- 
time of the blood which follows Spangaro states that when a portion of 
tissue IS placed in blood obtained without contact with the tissues coagu- 
lation IS not so rapid as when the blood comes in direct contact with the 
wound 

Mellanby gives a detailed theoretical explanation, statmg that when 
a blood-vessel is so injured that blood may escape fiom it, the mjured 
vessel-wall or the surrounding tissues liberate kinase This kinase enters 
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mto the blood and there finds all the necessary factors for the production 
of fibiin ferment — prothiombin and calcium salts Pibrin ferment is 
therefore foimed and since the association of the piothiombin with the 
fibrinogen entails that the ferment produced is in molecular pioximity 
to the fibiinogen, coagulation of the fibrinogen ensues in the shoitest 
possible time 

Bernheim very lecently demonstrated experimentally that in the 
blood-vessel wall itself there is a substance which, once the vessel is 
injured, probably aids in the formation of a clot 

B Contact with Blood When the drop to be tested comes in contact 
with recently shed blood a very marked diminution in the clotting-time 
results Addis attributes this to the addition to freshly issuing blood of 
preformed fibrin ferment Spangaro has shown that contaminating the 
sides of a tube with blood hastens the coagulation of blood that is received 
into it without having come into contact with the tissues 

In drawing blood for testing, therefoie, it is absolutely essential that 
all trace of one drop be removed before the next appears 

C Contact with Lymph Wright pointed out the influence of lymph 
in decreasmg the clotting-time, as shown by the admixture of blood to 
fresh lymph, muscle juice, and blister fluid The aceeleratmn of coagula- 
tion when pressure is made on the tissues he attributes to the diiviug of 
lymph into a bleeding wound, and contrasts the short coagulation-time of 
the ^'mixture of blood and lymph obtained fiom a small occluded punc- 
tuie on the finger” with the much longer coagulation-time of the blood 
issuing spontaneously from a free puncture The effects of the wound 
and of blood he believes to be due to the admix tuie of lymph contained 
by blood leaving a wound 

Pratt has found that an incieased amount of lymph in the tissues 
does not accelerate the coagulation-time, blood fiom veiy edematous 
tissues not coagulating more rapidly than blood fiom non-edematous 
parts of the body. 

D Influence of the Skin ililian believes that there exist in the skin 
substances that accelerate coagulation Hinman and SLulen found that 
the longer a diop is in contact with the skin surface, the more rapidly it 
clots when tiansferied to the instrument, each second of contact added 
shortening the eoagulation-time by minutes The} also state that tlie 
more lough and scaly the skin, the quickei is the normal clotting Addis 
compared the coagulation-time taken vhen the blood was protected from 
contact vith the skin by smearing the surface with ludrated wool fat 
(lanolin) before the puncture was made, with the time taken in the ordi- 
nary way This showed that contact witli the skin for tlic -hort Kr'>,d 
which elapses before the blood can be introduced into the appiraUi- ii •- 
no appreciable effect 
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It IS quite possible (if not piobable) that the influence supposed to 
be exeited on the clottmg-tiine by contact with the wound, the skin, blood 
and lymph, are all due to one and the same factoi, the action of fibrin 
feiment which, as Mellanby has stated, does not ciiculate m the blood, 
but IS produced when any tissue is injured so as to libeiate thiombokinase 
in the blood-stieam 

3 Depth and Ghaiactei of the Wound — Piatt found the clotting- 
time to be influenced by the depth and extent of the cut If a laige, deep 
cut weie made, fiom which the blood flowed fieely, the coagulation-time 
was 1 datively slow, while blood fiom a small supeificial cut coagulated 
quickly In one case, foi instance, blood fiom a superficial cut of the 
skin coagulated in two minutes, while blood from a deep cut in the same 
individual coagulated in seven minutes Muiphy and Gould fuinisli an 
Explanation of this phenomenon, stating that if the needle-prick is deep, 
the lapid flow of blood will wash away the ferment and prevent immediate 
coagulation, while the reverse is true of a supeificial prick They regaid 
it as obvious that the puck should be deep enough to cause a free flow 
of blood The acceleiated coagulation of blood fiom a supeificial punc- 
tuie Ilinman and Sladen attribute to the longer contact of the blood with 
the skin, owing to its slow and scanty flow 

On the other hand, Addis has found that there is no appieciable 
difference in the coagulation of blood from deep and superficial punctures 
In eight comparative observations the average time from deep punctures 
was eight minutes, eight seconds, and from supeificial punctures, eight 
minutes, foui seconds It has been my experience also, that, piovided 
the punctuie is fanly good and made with a sharp, lance-pointed instru- 
ment, it introduces no element of error 

Rate of the Flow — The rate of flow of blood from the wound, pro- 
vided it IS fairly fiee, does not affect the clotting-time, according to my 
experience Addis, however, states that the rate of flow has proved to be 
of impoitance in so fai as it affects the time duiing which the blood is 
exposed to the an before its introduction into the apparatus He believes 
air to have a marked influence on coagulation its temper atuie is vari- 
able, and dust particles no doubt attach themselves to the drop to a 
variable extent during its exposure to the air In a more recent aiticle 
he states that the amount of thrombokinase, which is one of the most 
important factors determining the coagulation-time in the blood flowing 
from a wound, is mainly determined by the length of time during which 
it has been in contact with the exposed tissues in the wound Too long 
contact with the skin, according to Hinman and Sladen, is the element 
of error in a slow and scanty flow In one of their cases there was a 
clotting-time of twenty-three and one-half minutes when there was a 
fieely-flowing hemorrhage and eighteen and three-quarters minutes when 
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the flow from a second puncture was scanty At anothei time with fiee 
lapid flow, the time was twenty-two minutes, with compaiatively slow 
flow, fifteen minutes Murphy and Gould, as mentioned before, attribute 
the longer coagulation when the flow is fiee to a washing away of the 
feiment. As a rule the late of flow depends on the depth of the punctuie 

5 Piessure on the Fait — Piessure on the paits in expressing the 
blood intioduces a factor of some importance in propoition to the degiee 
of pressure exeited In ten normal persons blood obtained without any 
piessuie and tested with my coagulometer clotted in eight and seven- 
tenth minutes In six cases in which but slight pressure was exeited the 
coagulation-time was seven and one-half minutes, and in four instances 
in which the piessure was more marked the time was six minutes TJie 
same was true of tuberculous patients (whose average clotting-time in 
100 cases was five and one-sixth minutes) The average coagiilation-time 
of ten patients with no pressure was six and one-eighth minutes, of twenty 
patients with slight pressure four and seven-eighths minutes, of twentj- 
six patients with greater pressure four and one-quartei minutes In no 
case was much pressure exerted 

Wiight, Milian, and Pratt also found the clotting-time sliortencd by 
pressure on the tissues, Wright attributing it to the driving of lymph 
into a bleeding wound Addis, on the contrary, was not able to find that 
piessure makes any appieciable difference, the average time he obtained 
with piessuie being eight minutes, five seconds, and without piessinc 
eight minutes, four and thi ee-quartei seconds 

6 Stage of the Hemoirhage — That the last-diawn blood clots moie 
quickly than that drawn fiist is stated by Hewson, Hasse, Biucke, Ailoing, 
von del Velden, Cohnheim, Aithus, Bezangon and Labbe, Pratt, and 
Addis This refers to both laige and small heraonhages, being inoie 
marked in the foinier Milian, and Hininan and Sladen state that diops 
at the beginning oi end of a hemoirhage clot moie lapidly than tlio=e 
in the middle, the last believes this to be due to the different late of flow, 
an evidence of the influence of skin contact 

Addis was able to demonstrate that a lapid and piogicssne diminu- 
tion of the coagulation-time occurs as the liemoriJiage continues Thu-> 
the first blood to appear from a wound clotted in se\eii minute',, fifteen 
seconds, blood flowing liom the wound aftei one minute in fi\e niinute-,, 
fifteen seconds, aftei tw'o minutes in thiee minutes, foih steonda Ik 
attiibutes this change to the influence of fibrin feiment in Die wound 
Piatt, howeiei, found that a second diop of blood obtained fiom a cut 
after the first has coagulated alwaes coagulates moie lapidh than tin* 
hist, e^en when the skin, after tlie iemo\al ol tlie lin-t drop, i-, eltaiiMU 
carefulh with water, alcohol, and etlier Budolf =imilai], found t’'^t at 
20 C the blood from the first drop coagulated in nine luiautt-, and t^'a’ 
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fiom the same wound two minutes latei in five minutes and foi-ty-five 
seconds, the wound having been eaiefully wiped dry and clean before the 
second diop was taken On another occasion, under similar circum- 
stances, the respective leadings weie eight and five minutes for the first 
and second diops at a two-minute interval 

7 Congestion of the Part Puncliued — Seveial observeis, in objecting 
to constricting the finger before diawing blood from it, state that conges- 
tion of the part from which the blood is obtained leads to diminution in 
the clotting-time, the explanation being that a greater quantity of ooagu- 
lation-acceleiating substances fiom the tissues is added to the blood 
Wright states that venous congestion by ligatures increases coagulability, 
believing it due to the effect of caibon dioxid 

Addis found no such change He produced a veiy marked congestion 
m one arm by the application of a Biei’s bandage above the elbow The 
average of tuelve comparative estimations of the clotting-time of blood 
taken from the congested fingers was eight minutes, two seeonds, while 
the average time of blood talcen fiom the uncongested fingeis was seven 
minutes, fifty-one seconds 

4 . INTRINSIC FACTORS, PROBABLY AFFECTING TEE BLOOD WITHIN 

THE VESSELS 

In addition to errors in technic that affect the clotting-time of diawn 
blood, there are probably othei factors that may influence the coagula- 
bility of the blood while still in the vessels These include external influ- 
ences, conditions of the body, noimal and pathological, and substances 
introduced mto the body from without 

I EXTERNAL CONDITIONS (METEOROLOGICAL) 

In many instances I made note of the meteorological conditions exist- 
ing at the time the test was made, including temperature, baiometnc 
pressure, humidity and sunshine 

1 Outside Temperatui e — The clotting-time apparently does not vary 
with the outside temperature I noted the outside temperature when 
making many of my tests, and have grouped the normal and non-tuber- 
eulous and also the tuberculous cases accordmg to whetliei the outside 
temperature on the day of the test was above or below 75 P , and in the 
tuberculous cases also above or below 80 F 

It was noted by Eobertson and his assistants that the temperature and 
humidity of the atmosphere influenced the eoagulation-time noticeably 
and uniformly, a hot day with heavy atmosphere causing the coagulation- 
time to shorten, while a cool day had the opposite effect Before I bad 
compiled my figures I had the same impression, and thought that possibly 
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the low aveiage time of the 100 eases of tuberculosis I examiued (five 
and one-sixth minutes) might have been due in part to the fact that most 
of the tests were made during the hot months of July and August 

Table 3 — Clotting -Time at Dhtfebent Tempesatubes 


( Obtained with author’s coagulometer ) 


Normal and Non- 
Tuberculous Cases 
at a Temperature of 

Cases of Tuberculosis at 

Tempeiatures of 


75° F 

Below 

80° F 

Below 

Above 

75° F 


and 

Above 

75° F 

and 

Above 

80° F 

75° F 

and 

Below 

Number of cases 

14 

25 

55 

45 

81 

19 

Number of obseivations 

14 

30 

72 

57 

99 

28 

Av clottmg-time (minutes) 

8 

7% 

sy, 

5% 

5 Vs 

5 

Max clottmg-time (minutes) 12% 

12% 

10% 

10% 

10% 

7% 

Mm clottmg-time (minutes) 

4% 

3% 

2% 

2% 

2% 

2% 

2 Humidity — There 

IS appal ently no 

deflnite 

relationship between 


the humidity and the clottmg-time I made note of the humidity on the 


day of the test, but found it exercised very little influence The results, 
in fact, were slightly at variance in thirty-nine noimal and non-tubeicu- 
lous cases and in ninety-seven tuberculous cases. 


Table 4 — Clotting-Time at Deffebent Degrees op Humidity 




Normal and Non- 

— Tuberculous 

Cases With a — 



Tuberculous Cases 


Humidity of 




With a Humidity of 







75 and 

Below 

75 and 

Below 

70 and 

Below 



Above 

75 

Above 

75 

Above 

70 

No 

of cases 

19 

20 

33 

64 

55 

11 

No 

of observations 21 

23 

39 

80 

71 

55 

Av 

clottmg-time 

(minutes) 7*/* 

8 

5% 

5 

5% 

1% 

Ma-^ 

: clottmg-time 

(minutes) 12% 

12% 

10% 

10% 

10% 

10% 

Mm 

clottmg-time 

(minutes) 4 

3% 

2% 

2y3 

2% 

2% 


Eobertson and his assistants, as 

mentioned above. 

thought that humid- 


ity did affect the clottmg-time 

S Baiomeinc Piessure — The clotting-time in normal and non-tubei- 
culous individuals seemed to be influenced by the bazometiic pressuio, 
being shorter by two minutes when the baiometiic pressure uas below 
30 1 than when it was 30 1 oi above In tlie tuberculous cases, houeier, 
no difference was observed 


Table 5 — Clotting-Time vt Difeekent Bakometeb Pblssliies 


No of cases 
No of ob3er\ itions 
A^er c’otting-time (minutes) 
Hax clotting time (minutes) 
Min clotting time (minutes) 


Non-Tuberculous Cases , 
it a Barometric 
Pressure of 
30 1 and Belox/ 


Above 

30 1 

30 

14 

30 

18 

.S 

0% 

12% 

10% 

3% 

3% 


luberculoiiT 

Ca -c ■> . 

at i B ironi 

(.trie 

Prc^'^ure 

of 

30 I j 1(1 

JVIou 

.ILov e 

30 1 

51 

•t ■> 


5V, 

t * 

t 

10 , 

hi ^ 

>3 

n 
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Jf A7nount of Swishitie — JTotG was madG of tho niimbGr of houis 
of sunshine on the day of the test in ninety-seven cases of tuberculosis 
On the days when there weie moie than eleven hours of sunshine the 
clotting-time ivas half a minute longei than on days when the hours of 
sunshine weie eleven or less. 

I 

Table 0 — Rel^vtion op the CLorrufo-Tnas to tub Amount of Sunshine 


Number of cases 
No of observations 
Aver clotting-time (minutes) 
Mu\ clotting-time (minutes) 
Min clotting-tinie (minutes) 


Cases of Tuberculosis- 


11 Hours of Sun- 

Over 1 1 Hours 

shme or Less 

of Sunshine 

45 

52 

52 

72 

6V, 

4Vxo 

10% 

7% 

2% 

2% 


II CONDITIONS AFFECTING THE BLOOD ITSELF 
There aie a numbei of conditions within the body itself that exert 
some influence on the clotting-time Several affect the blood directly, 
while others have an effect on the body as a whole 

I Yxscosity — Buelcmastei states that the viscosity of the blood as 
determined by Hin-thle for animals and Hiisch and Buck for man, is 
found to be inveisely i elated to the coagulation-time, and that the less 
the viscosity the greater the time In Addis' cases, howevei, no relation 
appealed to exist between the viscosity of the blood and its coagulation- 
time Delayed, noimal and accelerated coagnlation-times were all 
observed m different cases where there was undoubtedly an increase or 
decrease of viscosity Addis thinks the belief that theie is a connection 
between viscosity and coagulation is due to the fact that, unless special 
piecautions aie taken, when the blood has an incieased viscosity, it 
takes a longei time than usual to flow fiom a wound, and takes up more 
thiombokinase, and so gives a shorter time than normal blood or blood 
in which the viscosity is low. In my own cases the clottmg-time was 
longer in the viscid than m the non-viscid diops, as may be seen from 
Table 7 


Table 7 — Relation of the Clotting-Time to the Viscosity 


-Normal Cases- 



Viscid 

Not Viscid 

Number of cases 

8 

5 

Number of observations 

8 

5 

Aver clotting-time (minutes) 

10 

8% 


— ^Tuberculous Cases — 
Viscid Not Viscid 
35 21 

37 22 

5% 5% 


This longei clotting-time of viscid drops may be due to the fact that 
viscid drops are deepei or higher than drops of low viscidity having the 
same diameters, and consequently contain more blood The drop of low 
viscosity, being shallow, is therefore more likely to evaporate and to 
become dry around the edges than the more viscid and consequently 
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higher drop That theie is a marked difference between the clotting- 
times of high and shallow drops, amounting to one and thiee-quaiter 
mmntes. Table 8 shows 


Table 8 — ^RELATioisr of Height of Dbop to Clotting- Time 


Cases of Tuberculosis 

High Drops 

Shallow Drops 

No of eases 

35 

15 

No of observations 

36 

15 

Aver clotting- tune (minutes) 

5% 

4 


It was my experience, moieovei, that a viscid diop when tilted may 
sometimes retain its convex shape befoie it is completely coagulated 
Consequently in Milian’s method and its modifications a high degiee of 
viscosity may constitute a souice of error It also has seemed to me that 
viscid blood sticks to glass better than does thin blood Should this be 
the case, viscidity may interfere to some extent with the accuracy of some 
of the instruments used, such as those of the Brodie-Kussell type and 
particularly those employing capillaiy tubes 

According to Coleman, altered viscosity may introduce a fallacy in the 
Bi odie-Eussell instrument that is difficult to lemove When there is a 
considerable diminution of the surface tension of the blood, the size of 
the pendulous drop is much less and therefore the blood is exposed to a 
relatively large surface of glass, and consequently the observed coagiila- 
tion-time is unduly shortened 

In my tests the viscosity was judged as being high or low in accoid- 
ance with the appeal ance oi behavioi of the diop A senes of compaia- 
tive observations on cases in which the viscosity is accuiately measured 
with an instrument of precision might prove of value 

2 Blood-Pi essuie — Haitman states that a variable blood-pressuie 
has no influence on the clotting-time 

3 Agglutination — In healthy persons variations in the agglutination 
of led blood-cells are slight, accoiding to Addis, and have nevei given 
rise to serious eiioi or difficulty in tests made with his modification of 
the Brodie-Eussell instiuinent In disease the agglutination of corpuscles 
IS greatly inci eased and in some convalescents it is piesent in variing 
degiee, pieventing estimation of the coagulation-time with his instrument 
in many ea=es 

4 Hemoglobin — ^The amount of hemoglobin apparentlv has no rela- 
tion to the clotting-time Of twenty-three cases of anemia I tc=tc(l witli 
Wiight’s coagulometer at 37 C, sixteen with between oO and 77 per cent 
of hemoglobin had an average clotting-tinie of two and onc-iialf minut^' 
(noimal) and fiie with hemoglobin below 30 pi.r cent had an ,nef<iit<‘ 
time of two and five-seienths minutes Schwab aLo siatc-i that no rela- 
tion exists betw’een coagulation and heinotrlobin, an c-'-injuin utd j-ii tiit 
with carcinoma, with scarcely 10 per cent htmoiilubin, h!!Mn<r t’-* -oi- 
elotting-time as another person with 70 or 90 per cent 



712 


THE AROnirES OF INTERNAL MEDICINE 


5 Leukocytes — It is the view of many that a high leukocytosis 
inci eases coagulation Stessano and Billon attempt to show by experi- 
ments that the blood’s content of fibim ferment is in proportion to the 
number of leukocytes it contains Aithus and Milian both regard fibrin 
feiment as the pioduct of the secretion of the white blood-cells Stessano 
has advanced the hypothesis that of the diffeient kinds of leukocytes the 
mononucleais aie more particularly concerned in caiing for the elabora- 
tion of fibiin feiment He thinks, moieovei, that the fact that lymph 
coagulates spontaneously proves that the mononuclear leukocytes, which 
are the only elements normally figuring in lymph, are weU capable of 
setting free fibrin feiment In Addis’ cases, on the other hand. Ho 
evidence was obtained of any connection between leukocytosis and coagu- 
lability All varieties of coagulability were seen, in cases both ivith and 
without leukocytosis 

Duncan says too that in cases of high leukocytosis, as m pneumonia, 
he could not determine that the coagulation-time was hastened Accord- 
ing to Coleman, however, when leukocytosis occurs, either as the result 
of some pathological condition or of the h 3 Tpodermic injection of a drug, 
lengthenmg of the elottmg-time of the blood accompanies it 

No definite relationship could be made out in my cases between the 
clotting-time and the total numbei of leukocytes or of the number of 
mononuclear cells In thiity-three cases (excluding those of pneumonia) 
in which the clotting-time was two and one-half minutes, cr longer, as 
deteimined with Wright’s coagulometer at 37 C , the average number of 
leukocytes was 8,671 In foity-three cases (excludmg pneumonia) m 
which the clotting-time was less than two minutes, the leukocytes aver- 
aged 8,176 Adding two cases of pneumonia to the former group and 
fifteen cases of pneumonia to the latter group brings the average number 
of leukocytes in these groups up to 8,994 and 14,017 respectively In 
one case of pneumonia the clotting-time was estimated six times during 
the course of the disease The average clotting-time of the first three 
examinations, made when the leukocytes averaged 5Q,QS3, was two min- 
utes, ten seconds, the average time of the last three, made when the 
leukocytes averaged 9,286, was one minute, thirty-five seconds 

DiSerential counts were made in only four cases Blood containing 
14 per cent of mononuclear cells clotted m two minutes, that with 35 
per cent in two minutes and a quaitei, that with 37 per cent in two 
mmutes and a half, and blood with 39 per cent in three minutes and 
three-quarters I would not generalize from these figures that the greater 
the number of leukoejdes as a whole, and of mononuclear cells m partic- 
ular, the longer is the coagulation-time, but incline rather to the opinion 
that they bear no relationship to one another 
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6 Bleeding-Time — Duke deteimuies the bleedmg-time by blotting 
up on absoibent paper at half -minute inteivals the blood from a small 
cut in the lobe of the ear, the rate of deciease in the size of the senes of 
blots — each of which lepresents one-half minute’s outflow of blood — show- 
ing the rate of decrease of the hemorrhage The total duration of such 
a hemorrhage is called the bleeding-time Duke states that the bleedmg- 
time IS independent of the coagulation-time 

III NORMAL CONDITIONS ARPECTING THE BODY AS A WHOLE 

1 Age — Hartman believes that the influence of age on the clotting- 
time IS imaginary He investigated the blood of women and giils of all 
ages, 16 to 74 years, and always found the clotting-time four minutes 
and a half, with occasionally four and five minutes, but never observed 
a dependence of the clotting-time on age in the diseases he investigated 
The age of the individual seems to Eudolf also to make little or no dilfei- 
ence in the time of coagulation At 20 C the average time of children 
under 12 examined was 8 04 minutes, and of adults 7 72 minutes 

Weiss, using Wright’s tubes, observed that the blood in fifty-four 
healthy adults coagulated in between two and one-quarter minutes and 
two and three-quarters minutes Of fifty-eight healthy new-born infants 
the blood clotted in from two and a half to three and a half mmutes in 
those breast-fed, and in from one and a half to two and a half minutes in 
those fed artificially 

2 Sex — ^According to Eudolf sex has no evident effect, the average 
time of females he examined being 7 54 minutes and of males 7 76 
minutes 

3 Time of Day — A number of observers have noted a diurnal vaiia- 
tion in the clottins^-time Vieiordt made five observations on himself 
over a period of fifty-six days, obtaining a different average clottmg-time 
for each time of day, the longest being between 1 15 p m , the shortest 
between 7 and 8 p m Hinman and Sladen took independent observa- 
tions on themselves twery hour, working apart and using different coagu- 
lometeis The longest time for both occurred at about 9 a nr , the fall 
from this being gradual until the shortest time during tlie day vas 
leached at 4 p m Aftei this the course for both vas the ‘•ame— a gradual 
rise Bulker for thiee days tested his blood ever} two hours from 6 
a m to 10 p m , arriving at the conclusion that the coagulation-tune la 
longest in the morning and usually diminislies until 2 p ni , after v,hic'i 

it usually rises again ^ 

Hartman’s last 270 estimations seemed at first to bear out Bur^.er^a 

hypothesis that a shortening of the clotting-tune eM=ts m the tarB a t-^"- 
noon hours Host of the tests made in the late nionung and . -! ■ ' • 

in the early afternoon, hove\er were found to be on .'f*< r u. 
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tion, which explained the shortening of the clotting-tune Eurther 
ex'ammation of the last 100 tests disclosed that all the cases of shorteninsr 
of the clotting-tune occmied aftei operation, while women not operated 
on between 1 and 4 p m did not expeiience this shortening of coagula- 
tion Haitman theiefoie concludes that in his mateiial a physiological 
daily fluctuation was not obseived 

Addis noticed that the more temperature vaiiation was excluded the 
smallei was the amount of difieience in the clotting-times^ and that fluc- 
tuations in the coagulation cuives which he foimerly had considered as 
indicative of intimsic changes in coagulability, ivere really due to vaiia- 
tions in the suiioundmg tempeiatuie Wlien the tempeiature vaiiations 
weie entiiely excluded, the coagulation-time was found to be leraarkably 
constant at all times of day and night Slight vaiiations which occur 
are iiiegulai and due, he believes, to expeiiniental erioi Eor twenty 
days Addis took the coagulation-time of his own blood and that of certain 
othei persons every houi oi two, and in no one of the chait’s piepaied 
from these obseivations do any vaiiations occiii which aie outside the 
limit of experimental erioi 

Rudolf made about 500 estimations of the clotting-time, the results 
under the same ciicumstances being constant, but encounteied no definite 
vaiiations at diffeient times of the day He lefers to the tact that, genei- 
ally speaking, a room will piobably be coldei in the moinmg than it will 
be later in the day, and believes tliat in any conclusions drawn from 
expeiiments in vhich the tempeiatuie of the tubes has not been accuiately 
maintained at the same level, the conclusion would tend to be that the 
coagulation-time was slower in the morning 

4 Food — Vierordt lefers to an acceleration of blood-coagulation in 
the hungry Coleman observed that the longest coagulation-time occurs 
one hour after the principal meal of the day, the blood becoming less 
coagulable as absorption becomes established after a meal Conversely, 
the shortest time was recorded when the subject was fasting before break- 
fast A slight slowing of coagulation about two houis aftei a meal was 
noted by Rudolf 

The above accords with my own experience Of my noimal subjects 
six that were examined with my method before meal-time gave an average 
clotting-time of seven and one-sixth minutes, while seventeen examined 
after a meal gave an average time of nine minutes This would seem to 
indicate the possibility at least that the coagulation-time is longer after 
a meal than before it 

Wright, on the contrary, states that restriction of food diminishes 
coagulability and therefore advocates the abandoning of staivation in 
cases of aneurysm unless the coagulometer shows improvement 

Mercier in a large number of observations found tiiC clotting-time 
shortly after a meal constantly less than shortly before a meal 
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Addis estimated the clottmg-time on ten different occasions both 
before and after breakfast, obtaining an average time before food of 
seven mmutes, forty-seven seconds, and an average time after food of 
seven minutes, forty-six seconds Haitman also proved by tests befoie 
and after full meals that the taking of food does not produce variations 
of the clotting-time 

5 Fluids — According to Wright, restriction of fluid increases coagu- 
lability and vice versa 

6 Fxeicise — Coleman has demonstrated that there is a certain 
amount of shortening of the coagulation-time after fifteen or twenty min- 
utes^ severe physical exertion He mentions the possibility of the specific 
giavity of the blood being slightly increased after loss of fluid from the 
plasma of perspiration, but as this was not very great during the experi- 
ment, he thinks it probable that the slight increase in coagulability was 
independent of any alteration of the specific gravity 

7 Menstiuation — ^A number of circumstances point to a possible 
connection between menstruation and the clotting-time the occurience 
of vicarious menstruation in the form of nosebleed, etc , the frequent 
occurrence of hemoptysis at the menstrual period in tuberculous women , 
and the fact pointed out by Birnbaum and Osten, that menstruating 
women in many cases bleed remarkably easily and continually at operation, 
even when the latter is outside of the genital tract, so that some suigeons 
are unwilling to operate during menstruation These authors believe that 
in some way checking of the normal blood-clotting process must accom- 
pany the physiological occuirence of menstruation They found the 
clotting-time on the average more or less retarded during menstruation 
Bode also found retarded coagulation in many menstiuating women, 
though he found it hastened in several cases 

Bell and Hick observed that a very maiked drop in the calcium con- 
tent of the systemic blood always occurs before the menstrual bleeding 
commences Often this drop is preceded by a marked rise Polfl noted 
a periodical connection between menstruation and the number of red 
blood-cells in sexually mature women, the highest count usually being 
one day befoie the beginning of the bleeding, from which a quick fall 
follows, which in no w'ay depends on the blood loss 

Ciistea and Denk, on the other hand, found the clotting-tirae of the 
S 3 ’^stemic blood of menstruating women neither shorter nor longer tlian 
normal Thev also found a normal calcium content in the blood of mtii- 
struatmg women 

Schwab found a normal a\erage clotting of the blood during ineii-tru- 
ation Hartman will only say that with the method he employ -> im could 
never find variations from the normal clotting-time 
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With my method I tested the coagulation-time m sixteen tubeieulous 
women who weie spitting blood Foui, who weie menstiuating, had an 
average clotting-time of five and thiee-quaiter minutes In tivo cases of 
amenoiihea at the menstiual 'peiiod the aveiage clotting-time was also 
five and three-quaitei minutes The time was five and two-third minutes 
in ten who weie not at the menstiual peiiod, some having passed the 
menopause These few cases consequently do not point to any alteiation 
in coagulability at the catamenia 

Haitman legaids the uniform clotting-time in women and girls of 
all ages as settling negatively the question whether an influence is exerted 
by the ciicumstance that a woman is at the menstrual age, oi has not 
entered it, or has passed it 

S P '1 eg nancy — Pregnancy piobably does not influence the clottmg- 
time Douglas obtained clottmg-times of seven and three-quartei minutes 
in healthy non-piegnant women and seven and foui -tenths minutes m 
healthy pregnant women ' Hartman was not able to determine a deviation 
from the noimal elottmg-time duiing pregnancy, either in the eaily oi in - 
the lattei months Pox made a few obseivations on women during the 
latter part of piegnancy which, so fai as they go, mdicare a tendency to 
a low coagulation-time, m several cases lowei than aftei delivery 

An increased fibrin content has been noticed by Hasse in the blood of 
piegnant women 

9 Pueiyenum — Douglas obtamed an aveiage clotting-time of seven 
and three-tenth minutes in noimai pueipeial women, compaied to seven 
and three-quaiteis minutes in healthy non-pregnant women Kingston 
Pox examined eight puerpeial women, all piimipaias with normal labois 
and normal hemorrhage, all suckling then infants He found the clot- 
tmg-time immediately after delivery to be below the normal 

{To ie continued) 
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